
AH INVESTIGATION 

INTO

THE LEÜCOCYTOSIS ON TYPHUS FEVER 

WITH

OBSERVATIONS ON THE CHANGES PRBSEHT 

IN

THE BONE MARROW, SPLEEN 

AND

LYMPHOID TISSUES

Being a Thesis for the Degree 
of Doctor of Medicine 
presented to the University 
of Glasgow

by

ANDREW LOVE, M.B., Oh.B.

1st October, 1904



ProQuest Number: 27626636

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQuest 27626636

Published by ProQuest LLO (2019). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLO.

ProQuest LLO.
789 East Eisenhower Parkway 

P.Q. Box 1346 
Ann Arbor, Ml 48106- 1346



DESCRIPTION OP PLATE I

Fig. 1. Blood from Case No. IV showing polymorpho-nuclear 

leucocytes. Film fixed by heat: Ehrlich's tri

acid stain.

Fig. 2. Same Case - showing polymorpho-nuclear leucocytes,

lymphocytes and large mono-nuclear cells. Film
I . , .

fixed by heat: Ehrlich*s triacid stain.
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DESCRIPTION OP PLATE II

Pig. 1, Blood from Case No. IV showing eosinophiles. Film 

fixed by heat; Bhrlich's triacid stain.

Fig. 2. Blood from a fatal case (Case No. VIII) showing 

polymorpho-nuclear corpuscles, one of which is 

vacuolated, lymphocytes, and large mono-nuclear 

cells. No eosinophiles. Film fixed by heat: 

Ehrlich's triacid stain.
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AN INVESTIGATION into the leucocy- 
tosis of Typhus Fever, with Obser
vations on the Changes present in 

. the Bone Marrow, Spleen, and 
Lymphoid Tissues

. • ______00o-----

The physiological Importance of the white blood corpuscles has for 
some time been fully recognised, but the significance of the changes 
presented by these in various pathological conditions has been the 
subject of the most recent researches only.

The result of these investigations has been the discovery of 
many interesting phenomena connected with the leucocytes, and more 
especially of the condition known as leucocytosis.

These discoveries have led to the publication of a great ^ount 
of literature on hematology, and to the evolution of a number of 
theories which seek to explain the significance of this symptom.

The two best known of these which deal with this point are those 
of Phagocytosis and Chemiotaxis, advanced by Metschnikoff and Pfeiffer 
respectively.

Metschnikoff*s theory is to the effect that the leucocytes de
fend the organism against bacteria by imprisoning them by the aid of 
their pseudopodia, taking them up into their substance, and so de
priving them of the power of injuriously affecting the surrounding
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tissues, whilst the principle of chemiotaxis promulgated by Pfeiffer 
asserts that bacteria, or rather their metabolic products, are able 
to attract by chemical influence the cells stored up in the blood- 
forming organs, and so increasing the number in the blood stream 
(positive chemiotaxis); in those cases, on the other hand, in which 
there is a reduction in the number of leucocytes in the blood, this 
phenomenon results from a repulsive action on the leucocytes display
ed by the chemical bodies mentioned (negative chemiotaxis).

For the purposes of this thesis it is sufficient to mention here 
that these theories have a distinct bearing on the subject under in
vestigation, a connection which will be discussed in detail later.

Many observations on the clinical importance of leucocytosis in 
infectious diseases and their various stages have been accumulated 
and published. Some of these are incomplete, while other published 
results deal with only one or two cases, or merely with isolated ob
servations made at different stages of the disease.

If errors are to be avoided, it is necessary to collect a large 
series of general observations, made at regular intervals, and 
throughout the whole course of the disease, as the most far-reaching 
and erroneous conclusions on the general pathology of the blood have 
sometimes been deduced from the investigation of a single case. As 
an illustration of this statement, Troje's paper may be mentioned 
(Uber Leukemie und Pseudoleukemie, Berl. Klin. Woch. 1892, No. 12).
In this publication he failed to recognise the lymphocytic character 
of the case of leukemia he dealt with, and, believing it to be one 
of myelogenous origin, this observer denied and completely reversed 
all that had been previously established by others with reference to
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this disease.

A second Illustration will be found In the paper by Tumas, giv
ing the results of an Investigation Into a single case of typhus 
fever. These results have since been adopted as the standard of the 
blood condition in that disease, and are now quoted In all works on 
hematology.

An attempt will be made in this thesis to show that the general 
conclusions deduced from so limited an observation are wholly errone
ous .

The literature dealing with the condition of the blood In typhus 
fever Is very limited, Indeed only four references are available In 
either the older or more recent works on hematology.

In one case observed by Tumas (Arch. f. Klin. Med., vol. 41, 
p. 363), and In four cases observed by Swing of New York (Clin. Path, 
of the Blood 1901), no leucocytosis was found, whilst In the cases 
observed by Everard and Demoor (Annales de 1*Institut Pasteur 1893), 
and by Wilks (Sajous Annual 1895), leucocytosis was present.

An analysis of Tumas * paper suggests that the case he discusses 
was not really one of typhus, but one of enteric fever, and the ac
companying temperature chart drawn from his figures supports this 
suspicion, so that this case may, for our present purpose, be disre
garded .

Ewing, In his work on the clinical pathology of the blood, says, 
"In four cases the writer found between 6,000 and 9,000 leucocytes. 
"The patients were adults, the examinations were made during the high 
"fever of the early period of the disease, and at least two of the 
"patients died." This somewhat general statement is all the Informa-
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tion that this author offers on the subject. He examined four cases, 
and these only during the early period of the disease, so that his 
conclusions may also, to a certain extent, be disregarded.

In the short paragraph devoted to typhus fever In "Cabot", a 
reference Is given to an article by Everard and Demoor In the "An
nales de 1*Institut Pasteur" February 1893, stating that these ob
servers found leucocytosis present In typhus fever, but, although 
careful search was made throughout this article, no mention whatever 
of typhus blood could be found. In the British Medical Journal 
(December 1883), there Is an article by Mott of London, and Blore of 
Liverpool on "Micro-organisms In Typhus Fever". These observers make 
a statement in the course of their article which Is of great Import
ance In Its bearing on the present subject. They say, "Another fact 
"noted about the blood was a great Increase of the white corpuscles". 
We are thus practically without any detailed and accurate literature 
on the subject of leucocytosis In typhus fever.

A few Isolated observations made by myself In the city of 
Glasgow Fever Hospital, Belvldere, led me to form the opinion that 
leucocytosis Is present In typhus fever, and the occurrence of a lim
ited epidemic In Glasgow In the autumn of 1902, afforded an opportun
ity of making more extended observations, with which I now propose 
to deal.

In the first few cases, the observations were limited In their 
range owing to the fact that the patients were admitted to hospital 
only after the disease was well advanced, but. In the later cases, 
as a result of the precautions of the Sanitary Authorities, which en
abled them to remove patients Into hospital on the first appearance
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of symptoms, It was possible to carry on the observations on the 
blood from the first day of illness till the termination of the at
tack.

In carrying out the routine observations, and with the object 
of limiting, as far as possible, errors resulting from physiological 
leucocytosis, two examinations of the blood were made dally - the 
first between 11 a.m. and 12 noon, and the second between 8.30 p.m. 
and 9.30 p.m. The leucocytes were counted both morning and evening, 
the red corpuscles in the morning only.

The blood was usually taken, without pressure, from the lobe of 
the ear, but occasionally It was found more convenient to collect It 
from the finger. Films were prepared at the same time for fixing 
and staining. For the estimation of the corpuscles the Thoma-Zeiss 
Hemacytometer was used. For diluting the blood In estimating the 
number of red cells, the fluid recommended by Gowers, composed of 
sulphate of soda, acetic acid, and water was mostly employed, but 
occasionally Tolsson’s fluid, consisting of chloride of sodium, sul
phate of soda, methyl violet, glycerine, and water was substituted. 
The former of these was found, as a rule, the more suitable.

In estimating the red corpuscles, the average number of squares 
counted was 128; In many cases this was done two or three times In 
order to ensure accuracy. For the same reason, several estimates of 
the white cells were made, care being taken to secure uniformity of 
dilution by frequently agitating the contents of the pipette, and by 
carrying out each observation as expeditiously as was consistent with 
accuracy of result. The diluting solution used In counting the white 
corpuscles was ^  solution of acetic acid tinged with methyl blue.
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The films of blood were allowed to dry In the air, fixed by heat, and 
stained with Ehrllch’s triacid stain. In fixing, an oven was employ
ed, so that the temperature might be accurately regulated. The best 
results were obtained by fixing at a temperature of 116°C., maintain
ed for forty minutes.

In the course of the present Investigation Into the condition 
of the blood In typhus fever, 670 counts of the white corpuscles, 
and 270 counts of the red corpuscles were made, while 523 differen
tial leucocyte counts were made from stained films, and a number of 
samples of fresh blood without preparation were also examined. The 
patients examined were male and female adults, adolescents, and young 
children, so that the results Indicate the Influence both of sex and 
age upon the leucocytosis, and the condition of the red cells.

The characters of the serum were likewise Investigated so far, 
at least, as Its power of causing agglutination of the typhoid bacil
lus and allied organisms Is concerned, and It Is proposed to Include 
the results of these last observations In the discussion.

Finally, It may be stated that the results were frequently 
checked by my colleagues In hospital, as well as by the expedient of 
making estimates of the same blood both with the pipette used for 
the red cells, and with that used for the leucocytes. In the differ
entiation of the leucocytes, an average of 400 was counted In each 
stained film, and for this purpose the mechanical stage was employed.
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For the sake of simplicity, It has been thought best to divide 

the cases Into two groups, the first of which Includes all the fatal 
cases, and the second all those that recovered. The former group 
comprises 9, and the latter 17 cases.

Of the fatal cases 8 were females, their ages ranging from ly 
to 66 years; the remaining fatality occurred In a male, aged 46 
years. Of those who recovered, 7 were females, their ages ranging 
from 6 to 22 years, whilst 10 were males with ages ranging from 
6 months to 61 years,

The blood condition In typhus, as In other diseases, can be 
profitably studied only when taken In association with the other 
clinical conditions present In the case, and It has, therefore, been 
thought advisable to present a short clinical sketch of each case. 
Including Its progress and result, with a chart of the differential 
estimates of white and red cells. The more general conclusions and 
extended tables will be left for later discussion.

The nomenclature employed In the text Is that adopted by Ehrllch 
so that the terms Polymorpho-nuclear, Large Mono-nuclear. Lymphocyte, 
and Eos^nophlle are used In their familiar signification.
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GROUP I - FATAL CASES 
 oOo----

CASE 1. Mrs. A., aet. 36, was admitted to hospital on 15th 
October 1902, having been 111 for twelve days. On admission her 
temperature was 104.6^ F., pulse rate 134, and respirations 36 per 
minute.

She was very 111 and delirious. Her scalp, face, and skin gen
erally presented a dusky appearance; her conjunctlvae were suffused, 
and her pupils contracted. The tongue was dry, brownish red In col
our, and lightly fissured. The pulse was weak and thready. Over
the trunk and limbs there was a fairly profuse typhus eruption, the 
mulberry spots being fixed, and best marked on the abdomen, and down
the outer sides of the thighs. On the back of the head and on the
right buttock respectively there was a patch of subcutaneous hemorrh
age about the size of a florin.

There was some fine tremor of the hands, and marked subsultus
tendinum.

Examination of the chest revealed no organic disease of the 
heart, but snoring rhoncl were heard all over the lungs, and a few 
sub-crepitant râles at both bases behind.

She gradually sank, and died on the morning of 17th October, 
about 30 hours after admission to hospital.

Only one leucocyte estimation was possible, and It gave 8,000 
cells per c.m., a condition practically normal, and Indicating but



FATAL CASES Contd.

little or no reaction on the part of the blood-forming organs to the 
toxine of the fever. No differential count was made. Unfortunately, 
a post-mortem examination was not permitted.

oOo
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OASB NO. 1. Mrs. A. (aet. 30) admitted to hospital on eleventh 
day of illness. Died on the thirteenth day of Illness.

Date Day of Temperatures Leucocytes 
Oct. Illness M B

16 IB 105. 103.8 8,000



IKPLANATION OP CHART

Leucocytes in Black

Temperature In Red
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FATAL CASES Contd.

CASE 2. Matilda A., a daughter of the first patient, aet. li 
years, was admitted to hospital on 20th October 1902. She had been 
in the reception house as a "Contact" whence, her temperature having
risen, she was removed to hospital.

On admission, her temperature was 101® F., pulse rate 184, and 
respirations 28 per minute. There was a faint erythema on her trunk, 
but no other rash. The heart was normal, and in the lungs a few 
wheezing rhoncfcj only were heard. No typhus spots appeared during 
the course of the illness. The crisis occurred on the eleventh day 
of illness, but the child did not rally, and the temperature fluctu
ated between 99® F., and 102.8® F., until 4th November when the pa
tient died, that being the seventeenth day of illness.

Post-mortem examination revealed small patches of pneumonic con
solidation at the upper part of the lower lobe of the left lung, with 
smaller masses scattered throughout the upper lobe. The heart muscle 
was pale, and the liver markedly fatty. The other organs were ap
parently normal.

Blood counts were commenced in this case on the eighth day of
illness, and continued until death. The chart shows a fairly steady
rise in the leucocytes up till the eleventh day of illness, then a 
fall of several thousands, a period of 24 hours, during which there 
was little change, and finally coincidently with the crisis, a steady 
rise to over 12,000, at which they remained practically stationary 
until death. This chart cannot be considered typical, as the lung
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FATAL CASES Contd.

complication must have, to a certain extent, influenced the leucocy 
tosis. The rise in the number of leucocytes during the crisis is 
peculiar, and in nearly every other case examined, the reverse was 
found, notwithstanding the complications.

' r‘ / ' ' V‘--

: }.0'.;.60v
21 ' 4,000.
1
2'' 'lOv.O

\ 3 ' lb ' 100.4
.im.aeo
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CASK KO. 2. M. A. (aet. 1^) admitted to hospital on first 
day of Illness. Died on the seventeenth day of illness.

Total Ko. of 
Temperatures Leucocytes

Oct. Illness M E M B

o o27 8 101.6 f 102.2 f 5,000
28 9 102.6 101.2
29 10 102. 102.4 2,400 6,700
30 11 99.8 100.8 3,200 10 ,600
31 12 100. 101.6 3,600 4,000
Kov.

1 13 101.8 101.4 3,800 6,600
2 14 98.6 100.6 12,300 12,000
3 15 100.4 101 8,400
5 17 99. 101 ■12,600



EXPLANATION OP CHART

Leucocytes In Black

Temperature In Red
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FATAL CASES Gontd.

CASE 3. Theresa A., aet. 3, another daughter of the first pa
tient, was admitted from the reception house on 24th October 1902.

Her temperature had risen on the previous night to 99.6° P., 
and, on admission to hospital, it had reached 103.6° P., pulse rate 
136, and respirations 44 per minute. The heart and lungs were nor
mal. The patient looked very ill, and became gradually worse.

On 27th October (fifth day of illness), a typical typhus rash 
appeared on the thighs, developing rapidly over the body during this 
and the following days. Prom this time she gradually sank, and died 
on the evening of 6th November, that being her fourteenth day of ill

ness .
Post-mortem examination revealed pallor of the cardiac muscle, 

hyperemia of both lungs, a fatty liver, and an enlarged hyperemic 
spleen.

In this case, a marked and progressive increase in the leuco
cytes towards the crisis was noted, and is well shown in the accom
panying chart. It will be seen also from the chart that it was the 
polymorphe-nuclear variety mainly which contributed towards the in
crease, that there were no eosinophiles, and that the red corpuscles, 
which showed a gradual diminution towards the eleventh day, rose 
numerically about the time when the crisis might have been expected. 
This was a typical case of typhus without complications, dying about 
the period of crisis, and it is a noteworthy and interesting fact 
that examination of the fresh blood, immediately before death, showed 
degeneration and fragmentation of the red blood corpuscles.
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OASB NO. 3. T. A. (aet. 3) admitted to hospital on second day of ill

ness. Died on the fourteenth day of illness.

Date
Oct.

Day of 
Illness

Temperatures 
M S

Red Cells
Polymorphe 

Nuclear Cells 
per cent.

Lymphocytes 
per cent.

Large Mono Total No. of 
Nuclear Cells Leucocytes 

per cent. M S

26 4 103.2®f 105°f 3,100

27 5 103. 105. 4,800 3,600

28 6 103.2 104 5,600,000 3,600 2,000

29 7 104. 104.6 4,400,000 3,600 4,800

30 8 102. 104.2 3,900,000 64.9 21.6 13.5 6,400 7,000

31 9 103. 104.6 4,200,000
Nov.

1 10 102.4 104.4 3,840,000 75.9 15.5 8.6 7,000 9,400

2 11 103.2 104.2 3,760,000 9,400 6,600

3 12 103.4 104. 6,100,000 85.7 8.5 5.8 13,600 14,000

4 13 106. 105.8 5,905,000 7,400 15,400

5 14 105.4 105.4 5,870,000 81.5 11.3 7.2 12,000 13,200

The following are the Absolute Numbers of the different varieties of
Leucocytes calculated from the above

26 4 108.2°f 105?f 3,100

27 5 103. 105. 4,800 3,600

28 6 103.2 104. 3,600 2,000

29 7 104. 104.6 3,600 4,800

30 8 102. 104.2 4,151 1,382 864 6,400 7,000

31 9 103. 104.6
Nov.

1 10 102.4 104.4 5,313 1,085 602 7,000 9,400

2 11 103.2 104.2 9,400 6,600

3 12 103.4 104. 8,056 799 545 13,600 14,000

4
5

13
14

105.
105.4

105.8
105.4 9,780 1,356 964

7,400 15,400
12,000 13,200



EXPLANATION OP CHART

Red Corpuscles
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f a ta l cases Contd.

CASE 4. Mrs. S., aet. 33, was admitted to hospital on 3rd 
November 1902, with a history of having been sick for about ten days, 
and delirious for two. She was extremely ill, and had a profuse 
fixed typhus rash over the body, with patches of subcutaneous hemorrhr
age on the buttocks and back of the neck.

Her temperature was 104,8® P., pulse rate 136, and respirations 
32 per minute. The patient gradually became worse, and died on the 
evening of her fifteenth day of illness, the day following the crisis 

The accompanying chart shows no leucocytesis whatever, the cor
puscles ranging within normal limits during the short period of the 
patient's residence in hospital. This is possibly due to the fact 
that the patient was so saturated with the poison of the fever that 
there was no reaction until immediately before death, when a slight
ante-mortem rise occurred.

Here it will be again noted that there were no eosinophiles, 
and that the polymorpho-nuclear elements were the principal partici
pators in the rise and fall of the leucocytes.

oOo
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OASB HO. 4. Mrs. S. (aet. 33) admitted to hospital on ninth day of 
Illness. Died on the fifteenth day of illness.

Date
Nov*

Day of 
Illness

Temperatures 
M E

Red Cells
Polymorphe 

Huolear Cells 
per cent.

Lymphocytes 
per cent.

Large Mono 
Nuclear Cells 

per cent.
Total No. of Leucocytes 

M B

3 9 104.8°f 105°f 3,335,000 88.2 11.1 7 2,900

4 10 104 105 3,260,000 7,200 6,600

6 11 103.8 103.8 4,260,000 86 13.5 5 8,200 5,200

6 12 103.8 102.6 5,400,000 82.2 12.9 4.9 4,400 7,400

7 13 103 102.6 4,170,000 81.2 16.2 2.6 4,400 5,800

6 14 102.4 101.6 4,070,000 84 13.4 2.6 5,600 6,600

9 15 98.4 98.6 4,650,000 84 5 11 8,400

The following are the absolute numbers of the different varieties
of Leuoooytes oaloulated from the above

3 9 104.8®f 105°f 2,558 322 20 2,900

4 10 104 105 7,200 6,600

5 11 103.8 103.8 7,052 1,107 41 8,200 5,200

6 12 103.8 102.6 3,617 567 216 4,400 7,400

7 13 103 102.6 3,573 713 114 4,400 5,800

8 14 102.4 101.6 4,704 750 146 5,600 6,600

9 15 98.4 98.6 7,056 420 924 8,400
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FATAL CASES Contd.

CASE 5. Nellie S., aet. 9, a daughter of the last patient, is 
a case of great interest. She was admitted on 9th November 1902 from 
the reception house. Her temperature had risen slightly on the prev
ious night (8th), and on admission to hospital it was 99.00 P., pulse
rate 100, and respirations 24 per minute.

This case is interesting from the fact that, during the course 
of her illness, she developed an acute gangrenous condition with 
destruction of the upper part of the right lung, a complication which 
apparently but little influenced the number of her leucocytes, and 
also from the fact that she came under observation on her second day
of illness.

When admitted to hospital she did not seem very ill, and was a 
well nourished and healthy looking child. Examination of her chest 
revealed nothing abnormal. The typical typhus eruption appeared on 
15th November, that being her eighth day of illness if the onset is 
calculated from the first slight rise in temperature, or her fifth 
day of illness if the onset be estimated from the sudden rise of tem
perature to 101.4° P., on 11th November. She gradually became worse, 
and signs of consolidation were detected in her right lung on 19th 
November; this rapidly broke down, and signs of cavity were soon ap
parent. Rapidly becoming worse, she died on 29th November about mid

night .
Post-mortem examination revealed consolidation of the upper half 

of the superior lobe of the right lung, with a cavity in the centre



19

FATAL CASES Contd.

of the solid portion about the size of a walnut. The diseased lung 
emitted a gangrenous odour. The spleen was enlarged and hyperemic. 
The left lung and other organs were normal.

An examination of the accompanying chart reveals certain points 
of interest, viz., great variations in the morning and evening leuco
cyte counts, with a steady increase towards the crisis, which oc
curred on 19th November (twelfth day of illness), thereafter a slight 
variation for two or three days, followed by a steady fall to normal, 
and again a striking ante-mortem rise immediately before death. Once 
more it will be observed there were no eosinophiles, and that the 
polymorpho-nuclear leucocytes were the cells which varied most. The 
red corpuscles also participated in the rise towards the crisis, but 
fell immediately after, rising again, however, before death.

oOo
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FATAL CASES Contd.

CASE 6. Mrs. E., aet. 56, admitted on 13th November 1902 from 
the reception house. This patient was a "contact", and her tempera
ture, which on the night previous to admission (12th) had risen to 
100.4° F., was found to be 103° F. on the afternoon of the 13th.

On admission to hospital her temperature was 98.4° F., pulse 
rate 92, and respirations 24 per minute. Patient looked and felt ab
solutely well, and on physical examination nothing abnormal was de
tected in any of the organs. On 16th November mottling of the skin 
was noticed, and on the following day the typical typhus eruption ap
peared. She became much worse on the 21st, gradually sank, and died 
on 23rd November, her twelfth day of illness.

Post-mortem examination disclosed a flabby pale heart, an en
larged and diffluent spleen, and extensive sub-mucous hemorrhages in 
the intestinal tract.

In this case it will be observed there was a gradual rise in 
the number of leucocytes as the crisis approached, with a more rapid 
increase on the morning of the day preceding death, and a very strik
ing decline in numbers in the evening. The ante-mortem rise was very 
slight.

In this as in the preceding cases, no eosinophile corpuscles 
were found, and the leucocytosis was due mainly to increase in the 
polymorpho-nuclear cells. The presence of an increase in the number 
of red corpuscles throughout, over 8,000,000 per c.m., is very strik
ing. These numbers appeared so remarkable that repeated estimates 
were made to verify them.
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OASB NO. 6. Mrs. B. 

Illness. Died on
(aet. 66) admitted 
the twelfth day of

to hospital on 
Illness.

second day of

Date
Nov.

Day of 
Illness

Temperatures 
M E

Red Cells
Polymorphe 

Nuclear Cells 
per cent.

Lymphocytes 
per cent.

Large Mono Total No. of 
Nuclear Cells Leucocytes per cent. M S

14 3 100°f 102°f 6,310,000 74.8 18.4 6.8 13,000 15,600
15 4 101.4 101 8,830,000 84.3 13.6 2.3 8,600 9,800
16 5 102.4 104.2 8,070,000 81.3 13.7 5 9,000 16,000
17 6 104.4 101.4 8,260,000 79.3 12 8.7 13,400 12,400
18 7 103 104.2 84.3 5.7 10 13,200 18,600
19 8 102.2 103.2 7,800,000 86.9 6.7 6.4 12,800 17,000
20 9 103.2 102.6 8,500,000 90 5.2 4.8 36,400 18,000
21 10 104 103.2 7,070,000 86.1 5.2 9.6 18,600 28,600
22 11 102.2 103.2 78.1 11.7 10.1 54,400 23,600
23 12 104.4 105 8,700,000 90 4 6 23,600 26,400

The following are the Absolute Numbers of the different varieties of
Leuoooytes oaloulated from1 the above

14 3 100°f 102°f 9,724 2,492 884 13,000 15,800
15 4 101.4 101 7,250 1,170 180 8,600 9,800
16 5 102.4 104.2 7,318 1,232 450 9,000 16,000
17 6 104.4 101.4 10,626 1,166 1,608 13,400 12,400
18 7 103 104.2 11,128 762 1,320 13,200 18,600
19 8 102.2 103.2 11,123 858 819 12,800 17,000
20 9 103.2 102.6 32,760 1,893 1,747 36,400 18,000
21 10 104 103.2 16,829 967 1,804 18,600 28,600
22 11 102.2 103.2 42,486 6,419 5,495 54,400 23,600
23 12 104.4 105 21,240 944 1,416 23,600 26,400
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FATAL CASES Contd.

CASE 7. Mrs. G ., aet. 36, was admitted to hospital on 19th 
November from the reception house, to which she had been admitted 
after having been ill in her own house for two or three days. Her 
temperature on the night previous to admission was 100.6® P., and on 
the day of admission 100.8® P., her pulse rate was 112, and respira
tions 24 per minute. On the day after admission to hospital, the 
typical typhus eruption appeared. Physical examination of her chest 
revealed nothing abnormal. She gradually became weaker, and died on 
1st December, her sixteenth day of illness, shortly after the temper
ature had dropped to near normal.

The same conditions with regard to the leucocytes prevail here 
as in the other fatal cases - a gradual rise in the number as the 
crisis approached, a marked rise immediately before or at the crisis, 
and a fall during or immediately after, with a distinct ante-mortem 
rise. Again, no eosinophiles were present, and the polymorpho-nu
clear corpuscles predominated. It will be noted also that the num
ber of red corpuscles was fairly high throughout.

oOo
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0A3E NO. 7. Mrs. G. (aet. 36) admitted to hospital on fourth day of 

Illness. Died on the fifteenth day of Illness.

Date Day of 
Nov. Illness

Temperatures 
M S

Polymorphe 
Red Cells Nuclear Cells Lymphocytes 

per cent per oent.
Large Mono- 

Nuclear Cells 
per cent.

Total No. of 
Leuoooytes 
M E

20 5 99.8°f 103.2°f 4,670,000 88 8.0 4 6,200
21 6 103.2 104.4 6,050,000 89.7 5.8 4.5 8,000 5,400

22 7 101.8 104.4 5,500,000 89.4 4.7 5.9 6,800 6,800

23 8 103 105 5,650,000 89.9 4.5 5.6 4,000 8,800

24 9 102.2 104.2 8,400,000 82.8 1.4 5.8 10,200 11,800

25 10 103.4 104.4 6,850,000 93 7 17,400 15,200

26 11 104 104.2 6,450,000 93 7 15,800 16,200

27 12 103 101.2 5,700,000 90.2 1.2 8.6 20,000 35,000

28 13 101.4 102.2 7,950,000 90.1 2.7 7.2 32,000 31,000

29 14 100.2 100.2 7,050,000 92.9 .6 6.5 17,000 13,700

30 15 103.2 104 6,900,000 92.8 .4 6.8 23,800 25,800

Phe following are the Absolute Numbers of the different varieties of
Leucocytes calculated from the above •

20 5 99.8°f 103.2°f 5,456 496 248 6,200

21 6 103.2 104.4 7,176 464 360 8,000 5,400

22 7 101.8 104.4 6,079 320 401 6,800 6,800

23 8 103 105 5,596 180 224 4,000 8,800

24 9 102.2 104.2 9,465 143 592 10,200 11,800

25 10 103.4 104.4 16,182 1,218 17,400 15,200

26 11 104 104.2 14,694 1,106 15,800 16,200

27 12 103 101.2 18,040 240 1,720 20,000 35,000

28 13 101.4 102.2 28,832 864 2,340 32,000 31,000

29 14 100.2 100.2 15,793 102
1,105 17,000 13,700

30 15 103.2 104 23,087 95
1,618 23,800 25,800
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FATAL GASES Contd.

CASE 8. Thomas B.» aet. 45, was admitted to hospital on 28th 
December 1902. No history was obtainable. His temperature on admis
sion was 103.2° F., pulse rate 124, and respirations 32 per minute.

He was very 111 and delirious, and his skin presented a definite 
fixed typhus eruption over trunk and limbs. He died twenty hours 
after admission to hospital.

Post-mortem examination disclosed hypertrophy of the left ven
tricle, with thickening of the aortic and mitral valves, adherent 
pleurae, and calcareous nodules In both lungs, with edema of both 
bases. The spleen was enlarged and diffluent. The kidneys were en
gorged, and there were hemorrhages Into the sub-mucous coat along the 
whole Intestinal tract.

Two observations on the leucocytes were made In this case, one 
In the morning and one In the evening of the day on which he was ad
mitted. Both, as will be seen from the chart, showed the existence 
of a marked leucocytosis, and both were verified by other observers.

Here again the polymorpho-nuclear cells were most abundant, and 
no eosinophiles were found, a correspondence being thus shown with 
the other fatal cases. The red cells were numerous, over 8,000,000 
per c.m. being present.

•oOo
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OASS HO. 8. T. B. (aet. 45) admitted to hospital on the ninth day 
of illenss. Died on the tenth day of Illness

Polymorphe
Date D#y of Températures Red Oells Huolear Oells Lymphocytes 
0eb. Illness M B per oent. per oent.

Large Mono Total No. of 
Huolear Oells Leuoooytes per oent. M B

26 10 1 0 3 . 1 0 1 . ePf 8,300,000 89.5 5.2 6.3 38,000 39,00012 noon 5 p.m.

The following are the Absolute Numbers of the different varieties of 
Leuoooytes oaloulated from the above

26 10 102.4®f 101.8®f 84,010 1,976 2,014 88,000 29,000
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fa ta l cases Contd.

CASE 9. Matilda D., aet. 15, is the last of the series of fatal 
cases. This patient was admitted to hospital on 11th Mardh 1902, her 
fourth day of Illness. Her temperature was 104.2° P., pulse rate 
120, and respirations 32 per minute. She was very 111, and there was 
present an eruption of early typhus spots of a somewhat deep red 
colour on the chest, abdomen, back, arms, buttocks, and thighs.

On 16th March (ninth day of Illness) the rash was becoming 
fixed. A high pyrexia was present with practically no remission un
til 24th March, on which day the crisis occurred, the temperature 
falling from 105.4° F. to 100.8° P.; It rose again, however, almost 
Immediately, and continued to rise during the night and following 
day, until It reached 107.2° P. just before death on the afternoon 
of 25th March. During the last three or four days of her Illness, 
dulness at the bases of both lungs behind, with fine crepitant rales, 
was detected, and this complication no doubt contributed greatly to
wards the fatal Issue. Unfortunately no post-mortem examination was 
obtained.

The accompanying chart shows that, although there was a leucocy- 
tosls, It was not great. It corresponds with the other fatal cases, 
however, In so far as there was a fall In the number of leucocytes at 
the crisis, and In that no eosinophlle corpuscles were found. This 
case also shows In a striking manner the great ante-mortem leucocyte 
rise which sometimes takes place, a phenomenon which suggests that 
possibly at this time only was there any decided reaction on the part
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FATAL CASES Contd.

of the blood forming organs. The fact that the pneumonic process ap
parently gave rise to no increase in the leucocytes, also points to 
the absence of reaction. The red corpuscles showed no increase, and 
remained practically noimal throughout the course of the disease.

1# ■19 . ■

3.9 .

la  . — 3.E---------- oOo
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CASE NO. 9. M . D. (aet. 15) admitted to hospital on the fourth day

of Illness Died on the eighteenth day of Illness

Date
Mar.

Day of 
Illness

Temperatures 
M E

Red Cells
Polymorphe 

Nuclear Cells 
per cent.

Lymphocytes 
per cent.

Large Mono 
Nuclear Cells 

per cent.
Total No. of 
Leucocytes

16 8 0104 f 104.6°f 6,240,000 82 14 4 10,000

16 9 104.2 104.6 83 13 4 8,800

17 10 104.4 104.6 6,860,000 84 12 4 14,000

18 11 104.4 104.6 82.6 14 3.5 14,800

319 12 104.2 104.4 6,660,000 78 17 6 16,200

20 13 103.4 104 81 15 4 12,000

21 14 104 104.4 6,200,000 79 17 4 11,400

22 16 103.6 104.6 79 16 6 10,000

23 16 106.4 104.4 6,070,000 76 18 7 16,000

24 17 100,8 102.2 81 14 6 6,000

26 18 104 107.2 6,000,000 81 14 6 46,000

The following are the absolute numbers of the different varieties of
Leu0 0 oytes oaloulated from the above 400 10,000

16 8 104*f 104.6®f 8,200 1,400 362 6,800
16 9 104.2 104.6 7,304 1,144 660 14,000
17 10 104.4 104.6 11,760 1,680 618 14,800
18 11 104.4 104.6 12,210 2,072 760 16,200
19 12 104.2 104.4 11,866 2,680 480 12,000
20 13 103.4 104 9,720 1,800 466 11,400
21 14 104 104.4 9,006 1,938 500 10,000
22 15 103.6 104.6 7,900 1,600 1,060 16,000
23 16 106.4 104.4 11,260 2,700 300 6,000
24 17 100.8 102.2 4,860 840 2,250 46,000
25 18 104 107.2 36,460 6,300
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FATAL CASES Contd.

To sum up briefly, it is to be observed that, in fatal cases, 
there is :-

1. A leucocytosis (except in cases where no reaction is
manifested) increasing towards the crisis

2. A fall at, or immediately after the crisis, and in
most cases an ante-mortem rise

3. Absence of eosinophile corpuscles
4. A relatively high proportion of red blood corpuscles.

oOo
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GROUP II - RECOVERIES 
 oOo----

CASE 1. Annie A., aet. 6, was admitted on 15th October 1902.
Her temperature on admission was 101,4° P., pulse rate 116, and res
pirations 26 per minute. A few typhus spots were present on the back 
and thighs. The crisis occurred during the fourteenth and fifteenth 
days of illness, and patient's convalescence was uninterrupted.

This was one of the early cases admitted to hospital, and two 
leucocyte estimations only were made, but these showed that leucocy
tosis was present, and that a fall in the number of leucocytes was 
taking place coincidentally with the crisis.

oOo
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OASS NO. 1. A. A* (aet. 6) admitted to hospital on 12th day 
Illness.

Date Day of Temperatures Leuoooytes 
Oot. Illness M S

16 13 101.4 103.8 16,000
17 14 100.6 101.8 10,000
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RECOVERIES Contd.

CASE 2. Francis A., aet. 4, was admitted on 27th October 1902, 
that being his second day of illness. His temperature on admission 
was 98.2° F., pulse rate 124, and respirations 36 per minute.

On 30th October (fifth day of illness), a typical typhus erup
tion appeared on the trunk and limbs. The disease ran its usual 
course, and the crisis occurred on the fourteenth day of illness, 
after which there was an uninterrupted convalescence, with the excep
tion of a slight bronchitis which developed a few days after the 
crisis.

The chart of this case shows very well the interesting fact that 
just before the crisis there was a great increase in the number of 
leucocytes, and thereafter a decided fall. The secondary rise noted 
on the chart was possibly due to the bronchitis.

It will be observed that the polymorpho-nuclear cells mainly 
participated in the increase, but that there was also an increase in 
the large mono-nuclear forms, and that eosinophile corpuscles were 
present; this last variety of leucocyte, it will be remembered, was 
absent in all the fatal cases. The red corpuscles throughout were 
practically normal except just before the crisis, when there was a 
marked increase.

oOo
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CASE 3. Mary S., aet. 13, was admitted on 3rd November 1902, 
her fifth day of illness. Her temperature on admission was 103.8° B, 
pulse rate 116, and respirations 24 per minute. A distinct typhus 
eruption was present over the whole of the body. The heart and lungs 
were normal. The disease ran a moderately mild course, and the 
crisis occurred during the fourteenth and fifteenth days of illness, 
after which convalescence was uninterrupted.

The usual features will be noticed in the chart of this case - 
a fluctuating leucocytosis until just before the crisis, when a 
marked rise took place, with a corresponding fall after, and finally 
a gradual approach to normal during convalescence.

Eosinophile corpuscles were present, but only during convales
cence, and the polymorpho-nuclear cells were mainly responsible for 
the increase. There was also an increase in the large mono-nuclear 
forms, whilst the red corpuscles throughout the whole course of the 
case were somewhat above the normal.

oOo
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CASE 4. William C., aet. 27, was admitted on 9th November 1902 
from the reception house. His temperature was 101^ P., pulse rate 
112, and respirations 24 per minute.

This is an interesting case because of the fact that patient 
was admitted to hospital during the latter part of the incubation 
period of the disease, and as will be seen from the temperature 
chart, there was a certain degree of pyrexia during the few days im
mediately preceding the sudden onset, and rise of temperature, usual
ly described as typical of typhus fever.

A typical typhus eruption appeared on 16th November, his (nomin
ally) ninth day of illness, and the disease ran its usual course, 
the crisis occurring during 26th and 27th November. There was, for 
about eight days after the crisis, a fluctuating temperature, never 
above 100° P., but this was due to a bronchitis which manifested it
self about a week before the crisis occurred.

The chart is a most interesting one, showing as it does the 
slight pyrexia during the last few days of the incubation period, 
and the usual state of matters as regards leucocytosis, viz., a pro
gressive leucocytosis towards the crisis, and a fall thereafter.
This fall was more gradual than that noted in the preceding cases, a 
character probably attributable to the presence of the bronchitis. 
Again the polymorpho-nuclear cells play the most important part in 
the increase, and eosinophiles were present from the commencement 
of the disease. It is of interest to note that, after the crisis, 
as long as the bronchitis persisted, the large mono-nuclear forms
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showed a decided increase, whilst the polymorpho-nuclear cells were 
diminishing in number. The red cells behaved in a somewhat irregular 
manner, but were decidedly above the normal throughout.
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CASE 5. William S., aet. 4, was admitted on 9th November 1902 
from the reception house. His temperature was 98.4® P., pulse rate 
68, and respirations 24 per minute.

Physical examination of the chest revealed nothing abnormal.
A typical typhus eruption appeared on 13th November (fifth day of 
illness); and the disease ran its usual course, the crisis occurring 
on 21st November, the thirteenth day of illness.

In this case there was a progressive increase in the leucocy
tosis towards the crisis, the maximum being reached on the eleventh 
day of illness: after this the leucocytes began to fall coincidently 
with the temperature, gradually decreasing in number as convales
cence became established. There was also an increase in the large 
mono-nuclear forms, and eosinophile corpuscles were present from the
beginning of the attack.

The red corpuscles were persistently above the normal, and were
even more numerous at and immediately after the crisis.

oOo
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CASE 6. George S., aet. 1 year and 10 months, was admitted to 
hospital from the reception house on 10th November 1902. His tem
perature on admission was 101® P., pulse rate 132, and respirations 
36 per minute.

The child did not appear seriously ill, and his temperature 
fell to normal on the following morning; it thereafter fluctuated 
for a few days, and on 17th November rose suddenly to 103® P. On 
the morning of the 18th it was normal, but rose to 103® P. in the 
evening, and after remaining between 101® P. and 104® P. for three 
or four days, began to fall by lysis until, on 27th November (elev
enth day of illness), it reached normal.

This irregular temperature present for the first few days aftef 
admission is similar to that seen in Case 4, and probably belongs 
more properly to the period of incubation rather than to the pro
dromal stage of the disease. But for this child’s association with 
other cases, it would have been difficult to recognise the true 
nature of the illness, as there was no rash, and the course of the
temperature was most irregular.

The leucocytosis curve is seen to be similarly irregular, but 
it shows fairly well the characters noted in the preceding cases of 
this group, viz., the increase in the number of leucocytes towards 
the end of the attack, the succeeding fall, as well as the fact that 
the polymorpho-nuclear and large mono-nuclear cells were the main 
factors in the increase, and lastly, that eosinophile corpuscles 
were present throughout.
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The number of red corpuscles was also fairly high, and increased 
with the pyrexia.
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CASE 7. James S., aet. 34, was admitted to hospital on 14th 
November 1902. His temperature was 99.6° P., pulse rate 104, and 
respirations 28 per minute. A typical typhus eruption appeared on 
17th November (fourth day of illness). The temperature ran high till 
the seventh day, when it began to subside, and fell to normal on the 
thirteenth day of illness. The patient was very ill, delirious, and 
had fallen into the typhoid state. For a few days after the crisis 
there was marked distension of the abdomen, and he looked as if he 
might die at any moment.

This patient's chart shows not only the usual increase in the 
number of leucocytes towards the crisis, with a gradual fall there
after, but also an increase on the eighth and ninth days, greater 
even than that seen at the crisis. The explanation of this last 
fact is not obvious.

The polymorpho-nuclear leucocytes mainly are responsible for 
the increase, but the large mono-nuclear cells participate in a less 
degree.

Eosinophiles were found only about ten days after the crisis, 
but it is important to note that they were present. The red cor
puscles during the whole course of the fever ware never less than 
7,000,000, and at one time they rose as high as 9,000,000 per c.m.
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CASE 8. Charles S., aet. 6 months, was admitted on 14th Nov
ember 1902, his fourth day of illness. His temperature was 98® P., 
pulse rate 120, and respirations 32 per minute. A typical typhus 
eruption appeared on the day after admission. The pyrexia,which at 
times was high, ran a short course, and the crisis occurred on pa
tient's twelfth day of illness. Convalescence was uninterrupted.

The leucocyte chart is somewhat irregular, but if we regard the 
polymorpho-nuclear corpuscles only, it will be seen that there was 
present the usual progressive increase towards the crisis, with a 
fall thereafter. There was also an increase in the number of large 
mono-nuclear cells and in the eosinophiles, while the red corpuscles 
were above the normal.
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OASB HO. 8. 0. S. (aet. admitted to hospital on fourth day of
Illness

DateHov. Day ofIllness Temperatures M E
Red Cells

Polymorpho 
Nuclear Cells 

per cent.
Lymphocytes per cent.

Large Mono- 
Nuclear Oells 
per cent.

Eosinophile Total No, of 
Cells Leucocytes 

per cent. M £

15 5 099 f 103*f 43 42.8 14.2 18,000 21,000
16 6 103 104 5,890,000 29 51 20 14,400 10,000
17 7 101.8 103.4 4,575,000 59 28.4 12.6 13,800 43,200
18 8 102.6 101.6 4,300,000 33,400 22,400
19 9 102.6 102.2 4,630,000 63 28 19 32,000 29,800
20 10 101.2 102 5,230,000 65 23 12 27,000 24,400
21 11 102.6 101.6 4,100,000 70 20.5 9.6 29,800 32,600
22 12 101.4 99.6 3,600,000 72.5 17.5 10 30,200 26,200
23 13 98 98.4 4,000,000 66 25 '9 25,000 23,200
24 14 98 99 4,000,000 66 31.4 11.6 1 27,800 21,800
25 15 98.2 98.8 3,000,000 48.4 6 1.6 16,400 80,000
27 17 98.6 99 4,700,000 21,400 22,800
28 18 98.2 98.6 4,500,000 53.6 34.5 11 1 18,800 18,200Deo.
1 21 98.2 98.8 5,650,000 65 24.5 10 .5 22,600 25,400
9 29 98.4 99 4,070,000 60 30.5 9 .5 12,200 14,600

The following are the Absolute Numbers of the different varieties of
Leucocytes calculated from the above

-

15 5 99*f 103*f 7,740 7,704 2,556 18,000 21,000
16 6 103 104 4,176 7,344 2,880 14,400 10,000
17 7 101.8 103.4 8,142 3,919 1,739 13,800 43,200
18 8 102.6 101.6 33,400 22,400
19 9 102.6 102.2 17 ,066 9,016 6,118 32,000 29,800
20 10 101.2 102 17 ,550 6,210 3,240 27,000 24,400
21 11 102.6 101.6 20,860 6,109 2,831 29,800 32,600
22 12 101.4 99.6 21,895 6,285 3,020 30,200 26,200
23 13 98 98.4 16,500 6,250 2,250 25,000 23,200
24 14 98 99 15,560 8,729 3,225 278 27,800 21,800
25 15 98.2 98.8 7,216 7,938 984 262 16,400 30,000
27 17 98.6 99 21,400 22,800
28 18 98.2 98.6 10,593 6,831 2,178 198 18,800 18,200Dec. 14,6901 21 98.2 98.8 3,277 2,260 113 22,600 25,400
9 29 98.4 99 7,320 3,721 1,098 61 12,200 14,600
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CASE 9. Mary McL., aet. 22, was admitted on 20th November 1902, 
on her fourth day of illness. Her temperature was 103.6° P., pulse 
rate 104, and respirations 26 per minute. She was sharply ill, and 
the typical eruption appeared on the day after admission (fifth day 
of illness). The pyrexia was high throughout the course of the ill
ness, and a fall of four degrees occurred between the fourteenth and 
fifteenth days. This was evidently the crisis, although it was not 
until the eighteenth day that the normal temperature was reached.

About a week after the crisis there was some little swelling of 
patient’s left leg, evidently the result of thrombosis of the veins; 
this gradually subsided, and the subsequent convalescence was un
eventful.

In the chart accompanying this case it will be observed that 
the highest point reached in the leucocyte curve was on the thir
teenth day of illness, that the fall took place immediately before 
and during the crisis, and that there was a secondary rise, with 
some fluctuation afterwards, which may possibly be attributed to the
thrombotic condition in the leg.

The usual features - increase in the polymorpho-nuclear and 
large mono-nuclear cells, the presence of eosinophile corpuscles, 
and the great numbers of red cells, will also attract attention in
the chart.

oOo
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RECOVERIES Contd.

CASE 10. Robert J., aet. 61, was admitted to hospital on 6th 
December 1902, on his tenth day of illness. His temperature was 
102.2° P., pulse rate 120, and respirations 28 per minute. A fixed 
typhus rash was present all over patient's body. The crisis occurred 
on the fifteenth and sixteenth days of illness, and convalescence 
was interrupted only by a slight attack of bronchitis.

The leucocyte chart of this case presents the usual features - 
a high leucocytosis at or about the crisis, due to an increase in 
the polymorpho-nuclear elements, with a fall to normal during con
valescence. The number of red cells was fairly high in this case as 
in others of this group, but fell rapidly to normal after the crisis.

Eosinophile corpuscles were found only during convalescence.
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OASB NO. 10. R. J. (aet. 61) admitted to hospital on tenth day of 

Illness

Polymorpho
Date Day of Temperatures Red Oells Nuclear Cells Lymphocytes 
Dec. Illness M E per cent. per cent.

Large Mono- Eosinophile Total No. of 
Nuclear Oells Oells Leucocytesper cent. per cent. M B

7 11 103.6*f 102.6°f 9,250,000 87.5 6.5 6 17,400 12,400
8 12 102.4 101.6 8,650,000 91.1 5 3.9 17,000 26,400
9 13 101.2 101 8,700,000 88.8 1.6 9.6 13,200 12,200

10 14 99.8 99.2 8,950,000 85.1 3 11.3 19,400
13 17 97.8 98.4 7,000,000 70.5 12.3 17.2 10,200 8,600
15 19 98.6 98 6,350,000 61.9 21 17.1 7,200 8,000
17 21 98.8 99.4 6,500,000 71.7 16.2 11.8 .3 14,000 14,200
19 23 98.6 100.2 6,100,000 8.33 9.6 6.3 .8 14,000 12,800
22 26 98.2 98.4 6,000,000 62.9 31.7 .7 8,800 8,000

Fhe following are the Absolute Numbers of the different varieties of
Leucocytes calculated from the above

7 11 102.6°f 102.6®f 15,225 1,131 1,944 17,400 12,400

8 12 102.4 101.6 15,487 850 663 17,000 26,400

9 13 101.2 101 11,722 211 1,267 13,200 12,200

10 14 99.8 99.2 13,198 462 1,740 19,400

13 17 97.8 98.4 7,191 1,255 1,754 10,200 8,600

15 19 98.6 98 4,457 1,512 1,231 7,200 8,000

17 21 98.8 99.4 10,038 2,268 1,652 42 14,000 14,200

19 23 98.6 100.2 11,662 1,344 882 112 14,000 12,800

22 26 98.2 98.4 5,535 2,789 414 62 8,800 8,000
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RECOVERIES Contd.

CASE 11. Daniel W., aet. 13, was admitted on 2nd February 1903, 
that being his ninth day of illness. His temperature was 102.2° P., 
pulse rate 136, and respirations 32 per minute. The eruption was 
well developed and mostly fixed. The temperature reached the normal 
on 8th February (fifteenth day of illness), and convalescence there
after was uninterrupted.

The chart of this case corresponds in the main with the others, 
showing a leucocytosis, very high just before the crisis, and a grad
ual diminution during convalescence.

Eosinophile corpuscles were found in the blood of this case 
after the crisis, and the increase in leucocytes was due mainly to 
the polymorpho-nuclear cells. The red cells were not estimated.

000—
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OASB NO. 11. 

Illness
D. W. (aet,. 13) admitted to hospital on ninth day of

Polymorpho Large Mono- Eosinophile Total No. of
Bate Day of Temperatures Red Cells Nuclear Cells Lymphocytes Nuclear Cells Cells Leucocytes
Feb. Illness M E per cent. per cent. per cent. per cent. M E

3 10 103.2°f 104°f 83 14 3 19,200
4 11 103.2 103 88 10 2 35,800
5 12 102.6 103.2 87 11 2 14,000
6 13 102 101.8 77 19 4 13,000
7 14 100.2 100.8 83 14 3 12,000
8 15 99.8 98.6 23,800
9 16 99.6 99.8 83 13 3 1 9,400

11 18 98.8 98 85.5 12 2 .5 21,000

13 20 98 98.8 71 26 3 18,000
16 23 97.4 98 68 26 6 9,200
18 25 98 98.4 72 25 3 6,400

The following are the Absolute Numbers of the different varieties of
Leucocytes calculated from the above

3 10 108.2*f 104°f 16,936 2,688 676 19,200

4 11 103.2 103 31,504 3,580 716 36,800

5 12 102.6 103.2 12,180 1,540 260 14,000

6 13 102 101.8 10,622 2,622 662 13,000

7 14 100.2 100.8 9,960 1,680 360 12,000

8 15 99.8 98.6 23,800

9 16 99.6 99.8 7,802 1,222 282 94 9,400

11 18 98.8 98 17,955 2,520 420 105 21,000

13 20 98 98.8 12,780 4,680 540 18,000
16 23 97.4 98 6,256 2,392 552 9,200
18 25 98 98.4 4,608 1,600 192 6,400
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EECOVERIES Contd.

CASE 12. Mary W., aet. 9, was admitted on 2nd February 1905, 
that being her ninth day of illness. The eruption was well developed 
and fixed. Her temperature was 102.2° F., pulse rate 128, and res
pirations 32 per minute. On the day after admission her temperature 
rose to 104° F., and then gradually fell until on 8th February (fif
teenth day of illness) it was normal, and convalescence thereafter
proceeded uninterruptedly.

TKhen estimation of the leucocytes was commenced, their numbers
indicated the presence of a leucocytosis in process of decline, as
the numbers decreased from day to day coincidently with the fall in
temperature.

losinophile corpuscles were present during convalescence.
The red cells were not estimated.
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CASE NO. 12. M. W. (aet. 9) admitted to hospital on ninth day of 

Illness

Date
Feb.

Day of 
Illness

Temperatures Red Cells 
M S

Polymorpho 
Nuclear Cells 

per cent.
Lymphocytes 
per cent.

Large Mono- 
Nuolear Cells 

per cent.
Eoslnophlle 

Cells 
per cent. Total No. of 

Leucocytes

3 10 104°f 103°f 80 14 6 13,000

4 11 102.6 101.8 78 17 5 9,000

5 12 101.6 102 82 13 5 10,000

6 13 101.8 101.2 81 15 4 12,600

7 14 99.6 99.4 81 14 5 9,400

8 15 99 98.6 9,000

9 16 98.4 99.6 73 22 5 10,000

11 18 98.4 99 74.5 21 4 .5 12,000

13 20 97.6 98.6 62 30 12,600

16 23 97.4 99.8 64.5 30 5 .5 8,600

The following are the Absolute Numbers of the different varieties of

Leucocytes calculated from the above
3 10 104°f 103°f 10,400 1,820 780 13,000

4 11 102.6 101.8 7,020 1,530 460 9,000

5 12 101.6 102 8,200 1,300 500 10,000

6 13 101.8 101.2 10,206 1,890 504 12,600

7 14 99.6 99.4 7,614 1,316 470 9,400
9,0008 15 99 98.6

9 16 98.4 99.6 7,300 2,200 500 10,000

11 18 98.4 99 8,940 2,520 480 60 12,000

13 20 97.6 98.6 7,812 3,780 12,600

16 23 97.4 99.8 5,547 2,580 430 43 8,600
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BECOVERIES Contd.

CASE 15. William W., aet. 11, was admitted to hospital on 3rd 
February 1903. His temperature was 101.6° P., pulse rate 112, and 
respirations 32 per minute. The eruption was well developed but not 
fixed. A fairly high pyrexia was present until the thirteenth day 
of illness, when the crisis occurred, although the temperature did 
not reach normal until the sixteenth day of illness.

Unfortunately, estimates were made in this case only when the 
temperature was falling, but these are sufficient to show that leuco
cytosis was present, and that the fall usual after the crisis was in 
progress.

Stained film preparations showed that eosinophiles were present, 
and that the leucocytosis was mainly due to an increase in the poly
morpho-nuclear corpuscles. The red blood cells were not estimated.
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GASS NO. 13. W. W. (aet. 11) admitted to hospital on eighth day of
illness

Date
Feb.

Day of 
Illness Temperatures Red Cells 

M B
Polymorpho 

Nuclear Cells Lymphocytes 
per cent. per cent.

9 14 100.6®f 100.2°f 75 20
10 15 98.6 100 73 21
11 16 99.8 98 70 19
13 18 97.4 98.4 73 20
16 21 97 98.4 70 23
18 23 97.4 98 74 22
20 25 97.4 98 74 23

Large Mono- 
Nuolear Gelle 
per oent.

5
5 

10
7
6 
4 
3

Soelnophlle 
Celle 

per oent.

1
1

Total No. of 
Leuoooytee

15,000
11.400
9.800
7.800
9.000

10.400
9.000

The following are the Absolute Numbers of the different varieties of 
Leucocytes calculated from the above

9 14 100.6®f 100.2°f 11,250 3,000 760 15,000
10 15 98.6 100 8,322 2,394 670 114 11,400
11 16 99.8 98 6,860 1,862 982 98 9,800
13 18 97.4 98.4 5,694 1,560 546 7,800
16 21 97 98.4 6,300 2,070 640 90 9,000
18 . 23 97.4 98 7,696 2,288 416 10,40020 25 97.4 98 6,660 2,070 270 Q AAA
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RECOVERIES Contd.

CASE 14. Jessie W., aet. 6, was admitted on 3rd February 1903, 
her seventh day of illness. Her temperature was 101.2° F., pulse 
rate 120, and respirations 44 per minute. A well developed typhus 
rash was present, but it was not fixed. The pyrexia was a little 
irregular, but the crisis occurred during the fourteenth and fifteenth 
days of illness, and convalescence was quickly established.

The leucocyte chart accompanying this case is not typical. It 
merely shows the slight secondary rise which sometimes occurs after 
the crisis, and the gradual approach to nonnal during convalescence.

The red blood corpuscles were not estimated.
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CASE NO. 14. J. W. (aet. 6) admitted to hospital on seventh day of 
Illness

Date Day of Temperatures Red Cells 
M E

Polymorpho 
Nuclear Cells 

per cent.
Lymphocytes 
per cent.

Large Mono- Nuclear Cells 
per cent.

Eosinophile 
Cells 

per cent.
Total No. of 
Leuoooyteg

9 13 101°f 102.2°f 71 21 8 9,200

10 14 99.4 98.4 69 24 6 1 12,000

11 15 98 98 61 29 9 IL 12,600

13 17 97 98.4 53 41 5 1 10,000

16 20 97.6 98.6 50 45 4.6 • 5 8,600

18 22 97.6 98.4 52.5 42 6 .6 8,800

The following are the Absolute Numbers of the different varieties of 
Leucocytes calculated from the above

9 13 101°f 102.2°f 6,532 1,932 736 9,200

10 14 99.4 98.4 8,280 2,880 720 120 12,000

11 15 98 98 7,686 3,654 1,134 126 12,600

13 17 97 98.4 5,300 4,100 500 100 10,000

16 20 97.6 98.6 4,300 3,870 387 43 8,600

18 22 97.6 98.4 4,620 3,696 440 44 8,800
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RECOVERIES Contd.

CASE 15. William C., aet. 4, was admitted on 7th October 1903, 
his fifth day of illness. His temperature was 103° P., pulse rate 
132, and respirations 32 per minute. Subcuticular mottling was pres
ent all over the body, and a typical though not abundant typhus erup
tion appeared on the day after admission. The temperature ran prac
tically between 102° P. and 103° P., until the eleventh day when 
there was a fall of almost two degrees towards morning. The same 
night however it again rose to 102° P., and next morning (twelfth 
day of illness) the crisis occurred, the temperature falling from
102° P. to 99.2° P.

Owing to an attack of bronchitis which manifested itself about 
the ninth day of illness, the temperature did not remain normal, but 
fluctuated between 98° P. and 103 P., until the nineteenth day of
illness when it became settled.

The leucocyte count shows a steady rise in the number of white 
cells, the highest record being on the day of the crisis, whilst on 
the following day there was a marked fall. Thereafter the leucocy
tosis fluctuated until the bronchitis became quiescent, after which
the numbers recorded were normal.

The chart also shows in an interesting manner the effect of the 
bronchitis on the lymphocytes. These cells are known to be increased 
in numbers in bronchial affections, and here it is seen that they 
were markedly increased during the period in which the bronchitis 
was active. The presence of the large mono-nuclear and eosinophils

corpuscles will also be noted.
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RECOVERIES Contd.

CASE 16. Jeanle K., aet. 28, was admitted on 12th October 1903, 
that being her ninth day of illness. Her temperature was 103.8° P., 
pulse rate 120, and respirations 34 per minute. There was a typical 
and abundant typhus eruption all over the body and limbs. The tem
perature did not pursue a typical course, but fluctuated greatly, 
falling by a prolonged lysis till it became normal on the twenty- 
first day of illness. During this thme the patient was very sharply 
ill, and at times delirious.

The accompanying chart shows two distinct rises and falls in 
the number of leucocytes. The first fall is somewhat difficult to 
explain, but the second is the usual occurrence after the crisis.
In this case the decline is gradual, and practically accompanies the 
temperature.

It is to be noted that the poljTnorpho-nuclear cells play the 
most important part, and that eosinophils corpuscles were found only 
during the stage of convalescence, whilst the red cells were higher 
than normal throughout the whole of the acute phase.
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RECOVERIES Contd.

CASE 17. Lettie 0., aet. 21, was admitted to hospital on 12th 
October 1903, her twelfth day of illness. Her temperature was 
103,6 P., pulse rate 124, and respirations 32 per minute. She was
sharply ill, and there was an abundant fixed typhus eruption all over 
the trunk and limbs. The crisis occurred on the fourteenth and fif
teenth days of illness, and convalescence thereafter was quick and 
uninterrupted.

The leucocyte chart demonstrates in a striking fashion the 
great rise which usually occurs at the crisis and the corresponding 
fall afterwards. In this case, however, the fall took place immedi
ately before the crisis began, a phenomenon which has already been 
alluded to.

It will be noted also that eosinophile corpuscles were found in 
nearly all the films examined, and that the red corpuscles were at 
no time diminished in numbers.

oOo



66

GASS NO. 17. L. 0. (aet. 21) admitted to hospital 12th October, 
1903, on her twelfth day of Illness

>ate
)ot.

Day of 
Illness

Temperatures 
M E

Red Cells
Polymorpho 

Nuclear Cells 
per cent.

Lymphocytes 
per cent.

Large Mono- 
Nuclear Cells per cent.

Eoslnophlle 
Cells 

per cent.
Total No. of 
Leucocytes M E

13 13 102.2°f 10S.4°f 5,340,000 78 19 3 15,600 27,000
14 14 101.8 103.6 7,200 ,000 85 10 4 1 11,400 12,000
15 15 99.4 100.8 5,990,000 76 18.5 5.5 16,000 12,600
16 16 98.4 98 5,250,000 70 26 4 1 12,000 10,800
18 18 97.6 98 5,000,000 60 34.8 4 1.2 8,400 8,600
20 20 98 98.4 5,500,000 61 35 4 9,200 10,000
23 23 97 99 5,030,000 12,000 10,000
25 25 98 98.2 4,900,000 74 21 4 1 8,500 7,000

The following are the Absolute Numbers of the different varieties of
Leucocytes calculated from the above

13 13 102.2°f 103.4°f 12,168 2,964 468 15,600 27 ,000
14 14 101.8 103.6 9,690 1,140 456 114 11,400 12,000
15 15 99.4 100.8 12,160 2,960 880 16,000 12,600
16 16 98.4 98 8,400 3,000 480 120 12,000 10,800
18 18 97.6 98 5,040 2,923 336 101 8,400 8,600
20 20 98 98.4 7,320 4,200 480 9,200 10,000
23 23 97 99 12,000 10,000
25 25 98 98.2 6,290 1,785 340 85 8,500 7,000
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The foregoing charts have been prepared to show graphically the 

results of the estimates of the different corpuscles in the fresh 
blood, along with the absolute numbers in which each variety occurs.

Each chart is accompanied by an explanatory note.
If we accept 7,000 to 8,000 leucocytes per c.m. of peripheral 

blood as a nortnal standard, it will be observed that the black line 
on the charts (total leucocytes) constantly indicates a number in ex
cess of this; in other words a leucocytosis was always present. In 
addition it should be noted that the black line (total leucocytes), 
and the green (polymorpho-nuclear cells) run almost parallel to each 
other throughout the series of charts; in other words, the leucocy
tosis is due to an increase both absolute and relative of the poly
morpho -nuclear neutrophiles.

It has already been indicated that the degree of leucocytosis 
in the cases recorded was generally considerable. The average maxi
mum leucocytosis of the series of twenty-six cases is found to be 
24,000, but the maximum estimate in the fresh blood, made in the 
different cases, will be seen to vary between 8,000 and 54,000.

The following table has been constructed to show the maximum 
leucocytosis of the series of twenty-six cases:-

No. of No. of 
Cases Deaths

Between 8,000 and 15,000 leucocytes per c.m.
M 15,000 " 20,000 "
" 20,000 " 25,000 "
” 25,000 ” 30,000 " 5 1
« 30,000 ” 35,000 ” 3 2
" 35,000 " 40,000 " 1 0
» 40,000 " 45,000 " 3 1
w 45,000 " 55,000 " 1 1

Above 55,000 0 0

7 4
3 0
3 0
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An analysis of the foregoing clinical records suggests that the 

cases fall naturally into two great groups, namely, one including 
all those which terminated fatally, and a second embracing all those 
which ended in recovery.- The fatal cases will be discussed first.

GROUP I - FATAL CASES

In the greater number of the fatal cases leucocytosis was pres
ent, though it usually manifested itself in a marked degree only 
after the appearance of the rash. Speaking generally, it may be 
said that the leucocytosis present in the fatal cases increased to a 
maximum at or just before the crisis, and declined thereafter, if 
death did not immediately supervene. In most of them there was a 
slight ante-mortem rise, but in two (Cases 5 and 3), this rise was 
very marked, as if the blood-forming organs had suddenly put forth 
a great and final effort, and it is remarkable that in none of the 
fatal cases were eosinophile corpuscles found at any time. This 
peculiarity is not limited to typhus, but is found in other diseases,
e.g., pneumonia etc., and occurs apparently only in cases which even
tually prove fatal (Becker - Deut. Med. Woch. 1900, Vol. 26). The 
number of red cells in all the fatal cases was higher than is usual
in normal blood.
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GROUP II - RECOVERIES

In this group the main facts of the blood examination corres
pond with those already detailed in connection with Group I. There 
was a gradual increase in the number of leucocytes from the begin
ning of the disease onwards, more marked after the appearance of the 
rash, until the maximum was reached by a rapid rise, either a day or 
two before, or coincidently with the crisis. After the crisis a 
sudden fall occurred, and the leucocytosis gradually declined during 
convalescence until the normal was reached.

With the supervention of inflammatory phenomena during convales
cence, the leucocytosis may undergo a secondary rise, which, however, 
never exceeds, or even approaches, that which occurs at the crisis.

VARIETIES OP LEUCOCYTES PRESENT IN TYPHUS BLOOD

In addition to the facts furnished by the foregoing general con
siderations with reference to the condition of the red and white cor
puscles, an analysis of the modifications undergone by the various 
leucocytes, both in number and character, reveals some features of 
interest. These are noted in connection with each type of cell in 
the following statement.
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POLYMORPHO-NUCLEAR LEUCOCYTES

The polymorpho-nuclear neutrophile leucocytes arise, for the 
most part, in the bone marrow, and thence migrate into the blood 
stream. In response to the chemiotactic influence of various tox
ines, these cells are produced in greater numbers than usual, and 
being thrown into the peripheral circulation, a leucocytosis follows. 
The majority of febrile infectious diseases - pheumonia, erysipelas, 
diphtheria, septic conditions, acute rheumatism, etc., are accom
panied by a leucocytosis of a greater or less degree. In this con
nection measles and uncomplicated enteric fever occupy a special 
position, as in these diseases the absolute number of white blood 
corpuscles is diminished, and this chiefly at the expense of the 
polymorpho-nuclear variety. These results, no doubt, depend upon 
the influence of the chemical products produced by the causative 
agent of the particular fever, and it is of interest to remember in 
this connection that such drugs as phenacetin etc. produce poly
morpho -nuclear leucocytosis in man. This last has been observed ex
perimentally by Rieder (Beitragey 6ury Kenntniss der Leucocytose,
1892).

The polymorpho-nuclear cells, which are the most numerous of all 
the varieties of leucocytes in the normal blood, undergo in typhus 
fever, a marked relative increase, being frequently as high as from 
80 to 90 per cent, of all the white cells present, and, in one or 
two instances observed,as high as 93 per cent. This relative in
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crease usually, but not always, corresponds with an absolute in
crease, end is practically the same in the fatal and non-fatal cases; 
that is to say, as regards the degree of leucocytosis, the fatal 
cases do not differ materially from the non-fatal cases.

Occasionally disintegrative or degenerative changes were noted 
in these cells, but these did not appear at any particular period in 
the course of the disease, nor could any special interpretation be 
placed upon these changes as they were not at all constant.

LARGE MONO-NUCLEAR CELLS

In most forms of leucocytosis the large mono-nuclear cells of 
the normal blood are not concerned in the increase. Indeed, in 
leucocytosis of high degree, their relative number may be lowered in 
consequence of the exclusive increase of the polymorpho-nuclear 
cells.

There exists some doubt not only as to the sources of formation 
of these cells, but also as to the manner in which they reach the 
circulation, for it appears that they do not react to chemiotactic 
influence in the way the polymorpho-nuclear cells do. Ehrlich in
clines to the opinion that the large mono-nuclear leucocytes arise, 
for the most part, from the bone marrow. He found that in animals, 
from which the spleen had been removed, there was no alteration in 
their numbers, and there was no evidence of their formation in any 
of the other blood-forming tissues.

The occurrence of large mono-nuclear leucocytes in the blood of
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typhus is constant, but the proportion constituted by them varies 
greatly, according as the case tends to recovery or to a fatal issue.

Although probably no diagnostic value can be placed on this 
phenomenon, it still remains a fact that in non-fatal cases, the 
relative proportion of these cells is greater than in fatal cases 
generally. In no case were these elements found to be absent from 
the blood, and they were present from beginning to end of the attack, 
though more abundant after the crisis.

LYMPHOCYTES

The lymphocytes of the blood are identical with those of the 
lymphatic glands in morphological character, staining properties, 
etc., and clinical experience points to the collections of lymphatic 
tissue throughout the body as being the origin of these corpuscles.

Lymphocytosis in comparison with other leucocytoses is compara
tively rare, but it makes its appearance under certain conditions in 
which the lymphatic glandular tissue is in a state of congestion and 
over-stimulation. Many observers have advocated the view that the 
lymphocytes represent an early stage of development of the other 
white blood corpuscles, but it is difficult, however, to reconcile 
this theory with the observations of Ehrlich and others, who have 
noticed that, when extensive portions of the lymphatic glandular 
system are put out of action by new growths and similar causes, the 
number of lymphocytes in the peripheral circulation is considerably 
diminished. In acute infectious diseases lymphocytosis is rare, the
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two most notable exceptions being whooping cough and smallpox, the 
blood of which is characterised by an increase in the number of 
lymphocytes.

An examination of the condition of these cells in typhus fever 
in the present series of cases shows that they are relatively dimin
ished in numbers, in marked contrast to the polymorpho-nuclear vari
ety. The decrease is usually both a relative and an absolute one, 
and is in marked contrast to the great increase in the polymorpho
nuclear cells. In both fatal and non-fatal cases this form of leuco
cyte appears to behave in the same manner. The greatest relative de
crease in the number of these cells is represented by .4 per cent.
In children, as one would naturally expect, the relative decrease of 
lymphocytes is less than in adults.

EOSINOPHILE CORPUSCLES

There is some diversity of opinion as to the origin of these 
cells. Ehrlich and his followers maintain that they are produced in 
the bone marrow, whilst others, as Shaffer (Cent. f. d. Med.(1^ch^ 
Wissen 1891) and Gulland (Jour, of Path, and Bact. 1694) hold that 
they are derived from the thymus and lymphatic glands, as they have 
found them in these situations before their appearance in the marrow. 
Another method of production is indicated by Iffdller (Deut. Archiv.
f. Klin. Med. 1891) who has observed active mitosis occurring in 
these cells. The supposition also that eosinophiles may be a further 
development or ripening of the polymorpho-nuclear leucocytes, has not
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been entirely disproved, but, on the whole, the evidence seems to be 
against this explanation. Some observers have described a diminu
tion in the number of eosinophiles in septic diseases, although 
Klein (Cent. f. m. - Med. 1899) publishes a case of hemorrhagic sep
ticemia where eosinophiles appeared to the extent of 76 per cent, in 
the pleural exudate, and 40 per cent, in the blood. In this connec
tion experimental leucocytosis in animals is of some interest. 
Kanthack found that, after the intravenous injection of a small quan
tity of sterile cultures of bacteria, an enormous leucocytosis some
times occurred, mainly due to an increase in the number of eosino
philes (B. M. J., 1892), whilst though Neusser (Wein. Klin. Woch. 
1892, No. 4) sometimes found in man an increase in the number of 
eosinophiles as the effect of various toxines, other observers have 
repeatedly found the leucocytosis, when present, to depend in the 
great majority of diseases, not on an increase in the number of 
eosinophiles, but upon an increase in the number of the polymorpho
nuclear variety.

Bosinophilia, though rare in septic diseases, has been observed 
in many other conditions, and more especially in bronchial diseases, 
cutaneous affections, and in certain diseases having their seat in 
the sympathetic system of nerves.

In the series of fatal cases of typhus recorded here, careful 
and repeated examination of films invariably failed to find eosino
phile corpuscles at any period in the course of the disease. On the 
other hand they were constantly found in differentiated films taken 
from the non-fatal cases. They were not constant as regards time of 
appearance, for, though in some cases they were found only after the 
crisis, in the majority they were marked from the first count on-
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wards.

In many infectious diseases there is, during the post-febrile 
period, a well marked eosinophile leucocytosis, which generally, 
however, rises to a moderate height only. In pneumonia Tûrk found 
a post-critical eosinophilia of 5.67%, and after rheumatism 9.37%, 
whilst Zappert found 20.34^ in malaria on the day after the final 
attack.

No definite eosinophilia occurred in the typhus cases after the 
crisis, though, as has already been stated, a greater number of these 
cells was present during the period of convalescence than during any 
other stage of the disease. This phenomenon is illustrated on the 
charts.

Disintegrated eosinophiles were not common, although "burst" 
cells were occasionally met with.

With regard to the size of these cells, and of their granules, 
both were usually fairly constant, but at times a dwarf cell was 
noticed. No cell forms were observed in the differentiated blood 
films suggesting a transition between the coarsely granular poly
morpho-nuclear leucocytes and neutrophile eosinophiles, so that, if 
such a development of the one form into the other does occur, it 
must take place in the tissues, and not in the peripheral circula
tion.
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MYELOCYTES

The importance of these cells and their significance, when they 
appear in the peripheral circulation, has been demonstrated by Muir 
(B. M. J ., 1898), who pointed out that in grave inflammatory or in
fective conditions when the number of leucocytes falls, finely granu
lar leucoblasts of the marrow - myelocytes - appeared in the blood, 
and he considers this to be a bad omen. Engel (Deut. Med. Woch., 
1899) pointed out that in diphtheria, when these cells appear in 
large numbers, the case is unfavourable, and he found as many as 12^ 
in some cases. In several other infectious diseases Turk (Blut. bei. 
Infect. Krauk 1898) found that a considerable number of these cells 
may appear accompanying polymorpho-nuclear leucocytosis, and other 
observers have recorded their presence in progressive pernicious 
anemia and leukemia. Although these cells resemble morphologically 
the polymorpho-nuclear leucocytes, on the one hand, and hyaline cells 
on the other, and have their origin in the bone marrow, their appear
ance in the peripheral circulation signifies some grave change influ
encing the cell producing function of the bone marrow.

In the present series of typhus cases, myelocytes were occasion
ally noted in the differentiated films, but so infrequently as to 
warrant their being disregarded in the percentage results.

In view of the observations just quoted, their scarcity is re
markable, but the appearances presented by the blood-forming organs, 
which are discussed later in this thesis, explain the absence of
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these cells from the blood.

RED CORPUSCLES

The Importance of the pathological changes which take place in 
the red blood corpuscles in certain general diseases is now fully 
recognised. Increase in the number of red corpuscles is not so com
mon as diminution, but it is met with in certain febrile diseases as 
pneumonia, bubonic plague, etc., in which it is important to observe 
slight cyanosis is generally present.

It is a disputed point whether there is an actual over-produc
tion of red corpuscles in these cases, or whether the increase is 
only apparent and the result of vascular changes causing a tendency 
to an accumulation of a larger proportion of red cells in the blood 
of the peripheral vessels than in that supplying the various organs 
and deeper tissues.

Whatever the explanation may be, there is no doubt of the fact 
that an increase is met with in the diseases mentioned. The element 
of stasis must always be remembered, however, and allowances made. 
Indeed, many of the exceptionally high estimates reported in some 
cases of pneumonia may be explained by abnormality not of production 
but of distribution.

Many of the acute infectious fevers - enteric etc. - are accom
panied by diminution in the number of red corpuscles, and, in some 
instances, by a marked anemia. Typhus fever, however, is an excep
tion. This disease is essentially one in which cyanosis constitutes
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a symptom which gradually becomes more marked as the disease pro
gresses, and it may be, as already indicated, that the increase in 
the number of the red cells is due to this condition.

In nearly every case of the series recorded here there was an 
increase in the number of the red corpuscles at some stage of the 
disease. This increase became more marked near or at the time of 
crisis, and as convalescence became established, these cells gradual
ly returned to an approximately normal number. In two cases (Case 3, 
Group I, and Case 2, Group II) examinâtion of the fresh blood on the 
day when the crisis occurred, showed fragmentation or splitting up 
of many of the red blood corpuscles, some of them being split into 
two, and others into three or more parts. The explanation of this 
phenomenon is a matter of conjecture.

The question as to whether the increase in the number of red 
cells is due to an actual manufacture of new corpuscles, has already 
been alluded to, but there seems to be no reason to suppose that 
there is in typhus fever any unequal distribution of cells in favour 
of the periphery, such as is obviously the condition in ordinary 
cyanosis with stasis.

NUCLEATED RED CORPUSCLES

The clinical importance of nucleated red corpuscles has been 
demonstrated in many diseases, and especially in anemias. In various 
infective conditions Muir has pointed out their association with 
myelocytes in the peripheral circulation, and in the spleen. Three
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kinds of nucleated red corpuscles are usually distinguished, viz., 
normoblasts, megaloblasts, and microblasts. The first is of the 
usual size of a red corpuscle; the second two to four times as large; 
and the last much smaller than the ordinary red blood cell. Occa
sionally these cells are found in normal blood. When they appear in 
large numbers, the condition is distinctly pathological, and then 
the preponderance of one variety or another possesses a certain diag
nostic value.

The origin of the nucleated red blood corpuscles is the same as 
that of the ordinary non-nucleated cells - that is to say, they are 
derived from the bone marrow, where they can be seen in large numbers 
lining the wide capillary spaces.

In the series of typhus cases dealt with in this paper, nucle
ated red blood corpuscles were found only very occasionally. No 
special significance can be attached to their appearance in the 
blood, and it may be that their presence was merely accidental. The 
normoblastic form only was observed. The association of these cells 
in the blood of some infective conditions with myelocytes, to which 
Muir has alluded, receives negative confirmation in the condition of 
typhus blood, in which neither myelocytes nor nucleated red cells 
are abundant.

BLOOD PLATELETS

These elements of the blood were first described by Hayem who 
called attention to their special characteristic of running together 
into clumps or grape-like clusters.
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Their presence is constant in normal blood, but the signifi

cance of their occurrence is still a matter of conjecture, although 
there is a tendency to associate them with the phenomena of coagula
tion. Muir (Journ. of Anat. and Phys. Vol. XXV, 1891) found a 
marked increase of the blood platelets in cases of chlorosis, whilst 
Denys (Revue: La Cellule, Vol V, pt. I) found a very marked diminu
tion in two cases of purpura, and Ehrlich has examined cases in 
which they were wanting altogether.

In the blood of the typhus cases recorded here, blood platelets 
were always present, sometimes in large numbers. They were not ob
served in films stained with Ehrlich*s triacid mixture, but were al
ways well defined when Romanowsky*s stain was employed. No marked 
difference was noted in the frequency of occurrence of these elements 
in the fatal and non-fatal cases respectively.

Having now discussed the various elements of the blood of which 
there is more or less accurate knowledge, there remain others of 
which there is no adequate description to be found in literature. 
These may be grouped into three classes:- 1. Cell defris; 2. Para
sites; and 3. Hemononia.

The earliest reference to these less known elements of the 
blood is to be found in a paper by Drs. Mott and Blore (B. M. J.
1883, "Micro-organisms in Typhus Fever"), who regarded them as micro
cocci. These observers describe the bodies thus, "We have examined 
the blood in twelve cases (of typhus fever) during the pyrexial 
stage, and in all moving organisms, like minute screws, have been 
seen. Occasionally their form can be made out, and we consider them
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to be dumb-bell micro-cocci undergoing division. Often single cocci 
could be seen, and these were found to measure about half a micro
millimetre. In one case, there were large numbers in the blood 
after the fever had subsided; but, as a rule, they disappeared on 
convalescence."

The next observer to mention them was Doehle (Centralblat f. 
Allg. Path. w. Path. Anat., Ill, 150; Centralblat. f. Bakteriol. w. 
Parasit., XII, 906), who found them to be present in the blood of 
patients suffering from measles, scarlet fever, smallpox, and syphil
is. He described them as small spheres (0.6 - 1 fJ) which were 
either homogeneous, or contained a highly refractile nucleus sur
rounded by a clear zone. They showed movements which, in some in
stances, could be observed to be due to the action of a fla^ellura, 
four or five times the length of the body. Occasionally two spheres 
were enclosed in a common capsule. He also noticed granular and 
amoeboid elements (2.5 jU), and ill-defined rod-like protoplasmic 
bodies possessing small flagella.

Pfeiffer (Die Protozoan Als. Krankheltserrger, 1895) describes 
similar bodies with flagella which he found in the blood of patients 
suffering from variola and vaccinia.

The next descriptions are those of Mdller and Reed. Müller, 
who gave to these elements the name of hemoconia (Centralblat. f . 
Allg. Path. w. Path. Anat., 1896), states that they are found in the 
blood as very small granule or cocci-like colourless corpuscles, 
highly refractive, with a very active molecular movement, which keep 
their shape under observation for a very long time without any 
special precautions. He found them in every normal blood in varying 
numbers, and was unable to stain them with osmic acid.
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Various other observers have considered them as free granules 

of neutrophile or eosinophile leucocytes, or produced by fragmenta
tion of the red blood corpuscles.

Observations made by myself on the blood of patients suffering 
from the diseases above mentioned, and on the blood of typhus pa
tients, have demonstrated that there exists in the blood a number of 
forms which may be grouped into four divisions:-

1. Protoplasmic bodies containing a number of bright refrac
tive points. There is no difficulty in demonstrating the 
origin of these as portions of neutrophile cells when 
stained with Biondi's fluid. They are observed frequent
ly in blood where disintegration of corpuscles is common, 
as, for example, in hemorrhagic smallpox, but are not so 
frequently found in typhus fever.

2. Small round highly refractive bodies, .5 to 1 p in diameter,
and apparently motile.

3. Rod-like bodies, also apparently motile, ^ to 2 ^ in length.
4. Dumb-bell forms, 2 to 4 JU in length, and apparently motile.

With regard to the last three forms, it is probable that they 
belong to the same class, as they are all small, colourless, refrac
tive bodies lying free in the blood plasma, and endowed with active 
tremulous movement. They vary in shape according to the position 
which they occupy, but for the most part appear as described in 
Class 2. They are never at rest, but dance about in an apparently 
aimless fashion, disappearing and reappearing with great rapidity as 
they pass out of focus, or come into view again.

Under certain optical conditions they appear to possess fla
gella, but it cannot be stated positively that these organs exist.
It is interesting to note that these bodies are also found in the 
lymph from the early vesicles of smallpox.
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Under no circumstances has success been attained in staining 

these elements, even in the lymph of the variola vesicle, where they 
exist in considerable numbers. They do not stain with osmic acid, 
or with Soudan red, our experience agreeing with that of Muller in 
this respect. Whether this is due to the fixing is difficult to say, 
but they have never been observed except in freshly drawn fluids.
All modes of fixing - heat, Hermmann* s solution, Fleming's solution, 
and corrosive sublimate, apparently destroy them, or at least cause 
them to disappear.

In typhus fever these bodies are constantly found in the fresh
ly drawn blood. They are observed throughout the whole course of 
the disease, but appear in greater numbers during the first four or 
five days.

Apparently no prognostic significance can be attached to their 
presence as they are as frequently observed in fatal, as in non- 
fatal, cases.

There seems to be no doubt also that these bodies possess no 
etiological relationship with the disease, but, with regard to their 
abundance in many cases of typhus, the experience gained from the 
study of the cases recorded here tallies with that of Mott and Blore 
(B. M. J., 1883).

It has been suggested that they are derived from the disintegra
tion or fragmentation of leucocytes or red blood corpuscles, but 
the fact that they do not stain is almost sufficient to negative 
this idea, and their mysterious disappearance during the process of 
fixing renders the collapse of the theory absolute.
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An analysis of the observations detailed in the preceding 

charts and tables, and in the foregoing paragraphs, in which the 
various blood cells are dealt with, leads to the following conclu
sions : -

1. That typhus fever is always accompanied by leucocytosis,
whether the attack be fatal or not.

2. That the character of the leucocytosis is practically the
same in all cases, and corresponds with that found in 
certain of the other exanthemata, e.g., scarlet fever, 
inasmuch as it is the result mainly of an increase in the 
number of the polymorpho-nuclear cells.

3. That in the blood of fatal cases there are no eosinophile
cells, whilst in non-fatal cases these corpuscles are 
always present.

4. In non-fatal cases there is occasionally a slight relative
increase in the large mono-nuclear elements.

5. The red blood corpuscles are usually increased in number.

While bearing these general conclusions in mind, the full clini
cal significance of the observations can only be gauged after a care
ful and detailed analysis of the characters and numbers of the dif
ferent groups of white cells, as well as of the conditions under 
which these are present.

Two cases (IV and VI, Group II) were admitted during the period 
of incubation, and on these observations were carried out during 
this stage. An examination of their charts shows a certain amount 
of febrile disturbance prior to the prodromal stage, followed by a 
period of 48 hours, during which the temperature remained normal, and 
this again was succeeded by a febrile excursion marking what must be 
regarded as onset of the true attack.

It will be noticed that, in both the cases, and accompanying
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this preliminary temperature there was a certain degree of leucocy
tosis of the polymorpho-nuclear type, suggesting that the specific 
poison of the fever was already beginning to influence the hemogenic 
tissues. This is well seen in both, but better in Case 4 (Group II), 
an adult, than in Case 6 (Group II), a child of six months. It is 
known that very slight causes may lead to an increase of the leuco
cytes in the blood of a young child, but the leucocytosis of chil
dren is usually a lymphocytosis, and not a polymorpho-nuclear one, 
as in this case, a fact which is highly suggestive that the disturb
ance in the blood-forming organs is due to the influence of toxines.

Another point of interest is the relationship between the ap
pearance of the eruption and the leucocytosis. In nearly all the 
cases observed, although the date of the first appearance of the 
eruption varied considerably, there was a distinct increase in the 
number of leucocytes on the days following its appearance. While 
this is of interest, yet the exact relationship between the first 
appearance of the rash and the leucocytosis is not obvious. Charts 
4, 5, 7, and 9 (Group II) show this best.

Perhaps the most interesting phenomena indicated on the charts 
are those which group themselves around the crisis. In many of the 
cases a true crisis occurred, though in others a lysis terminated 
the attack, but in all cases observed the same phenomena as regards 
leucocytosis were present, that is to say, there was a gradually in
creasing leucocytosis up till one or two days before the crisis, 
when there was a sudden and rapid increase in the number of leuco
cytes. This increase, however, may occur on the day of crisis.
A high grade leucocytosis is not maintained for any length of time.
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for, in almost every case, a fall, as striking as the preceding rise, 
occurs on the following day, and thenceforward the number of leuco
cytes declines with the temperature.

The normal number of leucocytes in the blood, however, is sel
dom reached until convalescence has become fully established. In 
Cases 2, 4, and 10 (Group II), this delay in reaching the normal may 
be accounted for by the fact that, in these three cases, bronchial 
catarrh persisted for a few days after the crisis had occurred, but, 
in none of the other cases, was this explanation available. In Case 
9 (Group II), however, there was a thrombosis of one of the smaller 
veins of the left leg, and this possibly accounts for the irregular 
leucocytosis maintained after the crisis.

Regarding the question as to the presence of a constant ante- 
critical rise, exception must be made of those cases in which the 
illness terminated fatally, though, even in these, there is evidence 
to show that leucocytes are thrown into the blood at this period in 
abnormally large numbers; in fact, in greater numbers than at any 
other period of the illness except that which immediately precedes 
death.

As already stated, the leucocytosis is mainly a polymorpho
nuclear one, but in the non-fatal cases there is also to a limited 
extent a leucocytosis due to an increase in the large mono-nuclear 
cells, which becomes more pronounced in the majority of cases after 
the crisis, and is perceptible during the first few days of convales
cence, until the normal proportions of the different leucocytes has 
been restored.

From the point of ̂ iew of diagnosis the leucocytosis of typhus
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fever is of some importance, inasmuch as it affords a basis for dif
ferentiating between this disease and enteric fever, in which there 
is no leucocytosis, but rather a diminution in the number of leuco
cytes .

It has been shown in the earlier part of this thesis that leuco
cytosis is present in typhus fever, even at the beginning, and cer
tainly always after the appearance of the rash, so that a doubtful 
case giving a distinct leucocytosis cannot be regarded as enteric 
fever, unless this latter be complicated by the presence of some in
flammatory condition.

This is of interest in view of the fact that, in typhus fever, 
a positive widal reaction is sometimes obtained, but this point will 
be dealt with more in detail in the Appendix.

In enteric fever there is a steady and progressive decrease in 
the number of red blood corpuscles, becoming more and more marked as 
the disease advances, whilst in typhus fever it has been shown that 
the exact opposite occurs, namely, that there is rather an increase 
in the number of red cells as the disease progresses towards the 
crisis. Again, in enteric fever, there is always, in the absence of 
inflammatory complications, a sub-normal number of leucocytes, which 
is most marked after the first week of fever. In typhus, on the 
other hand, there is always a certain degree of leucocytosis, which 
generally becomes more marked after the first week of pyrexia.

In these particulars, there is such absolute and complete dif
ference that the one disease should never be mistaken for the other 
ĵ l̂ jiough there is some apparent similarity in the manner in which 

large mono-nuclear and eosinophile cells behave.
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While the diagnostic significance of the condition of the blood 

in typhus fever has been shown to be of importance in differentiating 
between that disease and enteric fever, the same cannot be said re
garding its significance in pneumonia and bubonic plague. Of the 
more common diseases pneumonia is perhaps the one most likely to be 
confused with typhus fever, for the onset and course of the pyrexia 
are so similar in both, that in the absence of rash on the one hand, 
and of physical signs in the lungs on the other, confusion is not 
unlikely to take place.

In distinguishing between these two diseases, the blood unfor
tunately offers but little help. In pneumonia "the red cells are 
either normal or slightly diminished during the active stages of the 
fever, but polycythemia may occur" (Da Costa), so that little diag
nostic value should be attached to a consideration of the number of 
these corpuscles, seeing that in typhus fever they are either normal 
or somewhat increased during the active stages of the disease. The 
leucocytes, too, offer no help in diagnosis, as in the great majori
ty of cases of pneumonia "a well-marked leucocytosis develops at or 
soon after the time of the initial chill, and persists until shortly 
after the temperature has fallen to normal" (Da Costa).

The same phenomenon occurs in typhus fever, so that differen
tiation between the two diseases by examination of the blood is al
most impossible.

The leucocytosis in both is of the polymorpho-nuclear type.
In cases of pneumonia terminating by crisis, the leucocytes be

gin to diminish either a short time before or after the temperature 
commences to decline, the normal being reached in a proportion of 
the cases about a week after the temperature has dropped. This is
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exactly what occurs In typhus fever, but, whereas it is stated that 
In about half of all cases of pneumonia, whether ending by crisis or 
by lysis, the maximum of leucocytes is attained during the period of 
temperature decline, in typhus it is not so, the maximum in this 
disease being attained almost invariably before the decline of tem
perature commences.

Attention has already been called to the similarity in the be
haviour of the eosinophiles in pneumonia and typhus fever. In pneu
monia the proportion of eosinophiles is much reduced, and frequently 
these cells are entirely wanting. This is regarded as an unfavour
able sign by Becker (Deut. Med. Woch., 1900, Vol. 26), who states 
that he has always found them absent in fatal cases.

These remarks apply with equal force to typhus fever, in which 
a fatal prognosis seems to be warranted if the eosinophiles are ab
sent throughout the attack.

Influenza is another disease likely to be confused with typhus 
on account of the similarity of the earlier symptoms. Here, on the 
other hand, an examination of the blood foms a ready means of ex
cluding typhus, in view of the fact that influenza is one of the 
small group of febrile diseases in which leucocytosis is absent.

With regard to bubonic plague, although this disease is seldom 
likely to be mistaken for typhus because of its rarity in this coun
try, it is interesting to find that the blood conditions are very 
similar, and afford little or no assistance in framing a diagnosis.

In plague the red blood corpuscles are always decidedly above 
the normal, a count as high as 8,190,000 having been obtained in one 
case. The same thing occurs in typhus fever, a red blood count be-
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low the normal being the exception.

The leucocytes too in both diseases are markedly increased, and 
in both it is a polymorpho-nuclear leucocytosis.

It is stated that in plague the eosinophiles are absent, as in 
typhus, but no mention is made as to whether they are absent in all 
cases, or as in typhus, in fatal cases only.

In many respects, therefore, the blood of the two diseases pre
sents similar characteristics, and an examination of that fluid 
alone would give little or no help in arriving at a diagnosis.

As regards prognosis little can be said concerning the general 
leucocytosis of typhus fever, but one or two points are brought out 
by differentiation of the cells, which may assist in forecasting the 
result of a case.

The fact that in fatal cases no eosinophils corpuscles are 
found has been already alluded to, and would seem to indicate that 
we may look for a favourable termination in any case in which these 
corpuscles are present throughout, especially if present in some 
numbers and before the crisis. If no corpuscles of the eosinophils 
type are found, it does not necessarily mean that the issue of the 
case will be fatal, but such a case must be looked upon as grave, 
and a certain amount of reserve maintained as regards prognosis.
In non-fatal cases there is an increase in the number of the large 
mono-nuclear forms of leucocytes, so that this also may be taken as 
an indication of a favourable issue, but merely as an indication, 
seeing that these leucocytes come more into evidence during the 
first few days of convalescence.

The degree of leucocytosis in general appears to have little or

no prognostic value.
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TYPHUS BLOOD

SPECIFIC GRAVITY AND HEKOGLOBIH

The specific gravity of the blood is considered to be of impor
tance, as the density of this fluid is said to afford a measure of 
the number of red blood corpuscles present, and of their hemoglobin 
equivalent.

In the last few years two methods of determining the specific 
gravity have come into use which require only a small quantity of 
material, and do not appear to be too complicated for practical pur
poses. One of these methods, which has been worked out by R. 
Schmaltz, depends upon the accurate weighing of small quantities of 
blood in capillary tubes. The second method is that of Hammerschlag. 
In this a mixture of chloroform and benzol is so arranged that, when 
a drop of blood is thrown into it, it floats indifferently in any 
part of the fluid, which is contained in a moderately deep and nar
row vessel. Under these circumstances the specific gravity of the 
blood must be the same as that of the fluid in which it floats.
Great accuracy can hardly be expected from this method, as errors 
may arise from changes in the blood drop during and after its trans
fer to the mixture, from evaporation, from the escape of gases, from 
the inclosure or adherence of minute air bubbles, and perhaps also 
from the possible action of chloroform and benzine upon the blood.
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an action which is at present unknown. Practically, in carrying out 
the test, it is found that the behaviour of the drop varies for 
reasons which are not clear, some rising and others falling in the 
same mixture. Hammerschlag*s method was that employed in the follow
ing cases, but, instead of using a hydrometer, the mixture in which 
the blood drop remained stationary was accurately weighed in a spec
ific gravity bottle, in order to eliminate errors arising from the 
use of an instrument in a fluid, the surface tension of which is en
tirely different from that for which the instrument is graduated.

The estimation of the amount of hemoglobin in the blood of cer
tain general diseases is also of considerable importance, especially 
in connection with the various anemias. Various methods of estima
tion are employed, but that which seems to find most favour in this 
country is the colorimetric one, that is, the method by which a drop 
of blood is mixed with a certain fluid and compared with a standard 
colour index. This method necessitates careful and delicate manipu
lation, and is only relatively correct as colour and transparency 
are both modified by dilution.

Another procedure which has gained some favour is to calculate 
the amount of hemoglobin from the specific gravity. The specific 
gravity is taken according to Hammerschlag*s method, and the amount 
of hemoglobin calculated from a table drawn up by him. This method, 
however, is somewhat crude, and is only useful in cases where absol
ute accuracy is not important. In order to obtain complete accuracy, 
an instrument has been devised by Dr. Albert Henocque of Paris. It 
is called the "Hematoscope", and is used in conjunction with the 
spectroscope. It consists of two glass slides of unequal size, the
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smaller of which is superimposed on the other in such a fashion that 
while they are in contact at one extremity, they provide a prismatic 
capillary space at the other. The position of the slides is assured 
by means of two clasps supported by the lower slide, and within 
these the upper slide is introduced. A graduated scale is engraved 
on the lower glass slide running from 0 to 60 millimetres. It thus 
happens that, when a drop of blood is introduced between the two 
slides, a layer of blood is formed by capillarity, of which the 
thickness varies from left to right. The tint of the blood also 
varies according to the thickness of the layer, and the amount of 
hemoglobin present; the point on the scale at which the two absorp
tion bands characteristic of oxyhemoglobin become of equal intensity 
in the spectrum is noted, and the reading compared with a table 
which is provided with the instrument. Thus a reading of 13 milli
metres is equivalent to 15^ of hemoglobin in the blood, 14 milli
metres to 14%, 15 millimetres to 13% etc.

Each instrument is verified before being issued, so that ac
curacy is guaranteed, and with a little practice the operation be
comes very easy.

The last method was the one employed in determining the amount 
of hemoglobin in the blood of the following cases, and as the enum
eration of the red blood corpuscles is of importance in this connec
tion, these cells were counted at the same time as the hemoglobin 
was estimated.

In order to give a clear idea of the results of the investiga
tion, these have been graphically depicted on the accompanying 
charts, and also set forth in tabulated figures.

Pour cases in all were investigated, and a very short clinical
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history of these will suffice to demonstrate their nature.

CASE I. The first case was that of George P., aet. 52, who was
admitted to hospital on 7th April 1904, his ninth day of illness.
His temperature was 102.4° P., pulse rate 102, and respirations 44 
per minute. A profuse and typical typhus rash was present. On the 
fourteenth day of illness the temperature became normal, and con
valescence began.

The enumeration of the red blood corpuscles and the estimation
of the specific gravity and hemoglobin was begun on the day after
admission, and continued daily thereafter at the same hour until 
convalescence was fully established.

The results are given in the following table and shown on the 
accompanying chart.

Date
Apl.

Day of 
Illness

Temperature P. 
M E

Red Cells
Percentage

of
Hemoglobin

Specific
Gravity

8 10 100.4 100.6 6,100,000 15 1049
10 12 99.4 102.6 5,300,000 15 1045
11 13 99.2 100.4 5,700,000 15 1046
12 14 99.8 99.8 5,450,000 14 1048
13 15 98 99.2 5,900,000 14 1049
14 16 97.8 98.8 6,000,000 14 1048.5
15 17 98.4 98 5,650,000 14 1049.5
17 19 98 98.4 5,150,000 14 1049.5
24 26 98 97.8 5,000,000 13 1045

May
21 50 98 98 4,840,000 12.5 1040

CASE II. The second case was that of John McM., aet. 10, who 
was admitted to hospital on 28th June 1904, his fifth day of ill-
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ness. The temperature was 103.4^ P., pulse rate 120, and, respira
tions 40 per minute. A typical typhus rash in the early stage was 
present. The attack was a very sharp one, and the crisis, which oc
curred on the fourteenth and fifteenth days of illness, was followed 
by a slight irregular pyrexia for a few days.

The estimation of the hemoglobin and specific gravity, and the 
enumeration of the red blood corpuscles were commenced on the ninth 
day of illness, and continued thereafter every second day during the 
acute stage of the disease.

The results are given below in a table, and on the accompanying
chart :-

Percentage
Date Day of Temperature P. Red Cells of Specific
July Illness M E Hemoglobin

2 9 104 104.8 5,676,000 16 1049
3 10 103.6 102.4 6,130,000 16.6 1044
4 11 102.2 102.2 4,600,000 16.6 1044
5 12 101.8 102 5,090,000 16.6 1043
6 13 101.2 102.27 14 101.2 103 4,690,000 14.5 1040
8 15 98.8 100.89 16 98.4 100.2 6,041,000 16 1046
10 17 98.4 10011 18 98.4 99 4,640,000 14 1044

ntan; III. The third case was that of Maggie McM., aet. 8, who 
was admitted on 2nd July 1904, that being her fifth day of illness. 
Her temperature was 104.2° P., pulse rate 112, and respirations 32 
per minute. A typical typhus rash was present, and the disease fol
lowed a natural course, the temperature becoming normal on the six-
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teenth day of illness.

In this case the amount of hemoglobin, with the specific gravi
ty, was estimated, and the red blood corpuscles counted every sedond 
day during the acute stage of the fever; the results are given below 
in tabular form, and graphically shown on the accompanying chart

]Percentage
of

îemoglobin
Specific
Gravity

Date
July

Day of 
Illness

Temperature P. 
M E

Red Cells
I

2 5 104.2 6,760,000 15.6 10473 6 103 104 5,360,000 16 1048
4 7 105 104
5 8 103.6 103.8 4,810,000 16 1043
6 9 103.4 104
7 10 103 103.2 5,450,000 16 1043
8 11 101.8 103
9 12 102.8 103 5,780,000 16 1041
10 13 102.2 103.4
11 14 99.6 101 5,230,000 14 1038
12 15 100 100
13 16 98.2 98.8 5,000,000 14 1040
14 17 98 97.6

CASE IV. The last case was that of Rose (3., aet. 5 ,̂ who was
admitted to hospital on 4th July 1904, her ninth day of illness. 
The temperature was 103.6° P., pulse rate 120, and respirations 36 
per minute. On the fourteenth day of illness the temperature had 
become normal, and convalescence thereafter was uninterrupted.

The red blood corpuscles were enumerated, and the hemoglobin 
and specific gravity estimated every second day during the acute 
stage of the fever, and the results are shown in the accompanying 
chart and table:-
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_  ̂ PercentageDate Day of Temperature P. Red Cells of Specific
July Illness M E Hemoglobin Gravity

4 9 103.6 4,280,000 15.5 10415 10 100.8 102.2 4,830,000 14 10466 11 102.2 103.47 12 102.2 102.8 4,980,000 15.5 10418 13 99.4 100.29 14 98.4 98.8 5,090,000 16 104510 15 98 98.4 5,880,000 14 1046

A consideration of the foregoing tables and charts shows that
the hemoglobin percentage is high throughout the whole of the acute
stage of typhus fever, and that the amount of hemoglobin corresponds 
to a limited degree, with the number of red blood corpuscles present.

If the standard hemoglobin value be fixed at 14-15% of the 
whole blood, then it will be seen that in Case III the hemoglobin 
was in excess during the greater part of the acute stage of the 
fever, and that in Cases II and IV, an excess also was recorded on 
various occasions. The highest value obtained in any case was 16%, 
and the lowest 12.5%, whilst the average for the four cases is ap
proximately 14.7%, or practically normal.

As far as can be Judged from the cases here recorded there is 
little or no relation between the temperature and the amount of hemo
globin. After the occurrence of the crisis, the amount of hemoglobin 
gradually diminishes, and becomes normal, or as in Case I, somewhat 
under normal when convalescence is thoroughly established.

The specific gravity of the blood in typhus, as will be seen
from a consideration of the tables and charts, is considerably lower
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than that which is given for normal blood. This seems strange, con
sidering that the red corpuscles and hemoglobin are higher than nor
mal. If the various sources of error, already mentioned, be taken 
into consideration, there still remains a considerable difference, 
and the only manner in which this can be accounted for is by a very 
great diminution in the salts of the plasma. This explanation is 
difficult of verification, and is merely suggested as being the most 
probable.

ETIOLOGY

The specific cause of typhus fever is still unknown, so that it 
may be of some interest to compare this disease with others which re
semble it as regards leucocytosis, in order to arrive, if possible, 
at some conclusion with respect to what kind of organism may be ex
pected to be the most probable cause of the disease. This object 
has been the aim of many researches, and many observers have des
cribed what, in their opinion, was the true organism of typhus fever, 
but, up to the present time, none of them have gained complete recog
nition.

The two diseases which resemble typhus fever most closely in 
their leucocytosis are pneumonia and acute rheumatic fever. A com
parison has already been drawn between the leucocytosis of typhus 
and that of pneumonia, so that it is only necessary to recall the 
similarity in almost every respect of the blood of these two dis
eases. As to acute rheumatic fever there is also a great resemblance
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in the blood as regards leucocytes to that of typhus. The leucocy
tosis in rheumatic fever as in typhus is a polymorphe-nuclear one, 
and is always found during the acute stage of the disease, whilst in 
favourable cases eosinophils corpuscles are found during the acute
stage, and are always present in greater numbers during convales- 
cence.

Here, then, are two diseases, the leucocytosis of which re
semble that of typhus fever, and one of which - pneumonia - bears a 
marked resemblance to that disease in many other respects, which are 
each caused by a certain specific micro-organism; in the case of 
pneumonia this micro-organism is a well-known diplococcus (Praenkels), 
and in the case of rheumatic fever a diplococcus (Triboulets) is also 
described. Arguing from these facts, is there not a strong presump
tion that the specific organism of typhus fever - granting that there 
is one - may also be of the nature of a diplococcus?

Some observers, notably Balfour and Porter (Edin. Med. Joum., 
1899, Vol. VI), have described a diplococcus in the blood of patients 
suffering from typhus fever, but their observations are open to much 
doubt, and the organism described by them is, in all probability, the 
substance known as hemoconia: this point has already been alluded to 
in the chapter on hemoconia, and therefore need not be discussed 
again.

A paper of interest bearing upon the etiology of typhus fever 
was recently published by Dr. Emil Gotschlich entitled "Uber prot
ozoan Befunde (Apiosoma) im Blute von Flecktyphus-Kranken" in the 
Deutsche Medicinische Wochenschrift, 7th May 1903 (No. 19). In this 
paper the author describes a parasite which he claims to be that of 
typhus fever, and which he says is identical with Apiosoma. He des-
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crlbes the parasite thus, "The parasite appears in the interior of 
the red blood corpuscles (endoglobular form), and also free in the 
blood stream (two forms, cysts and flagellated bodies). The stain
ing of the endoglobular form is well shown by diluted borax methylene 
blue. In order to stain the extraglobular form, use undiluted Ziehls 
Carbol Puchsin for a few minutes, and then wash with water.

1. Endoglobular form - This form is chiefly pear-shaped, and 
in size from 1 u. to half the diameter of a red blood cor

puscle; often only one pear-shaped body is found in a red corpuscle, 
seldom are two met with. Sometimes ameboid parasites with short 
thick processes are met with. Finally there are rod forms in which 
the chromatin shows a bi-polar arrangement: the border of the para
site is smooth and regular, and is generally more deeply stained 
than the interior. The interior, when stained with simple borax 
methylene blue, shows little round granules which stain deeply.
When stained by Romanowsky * s method, these granules appear red in 
the blue body of the parasite. In the pear-shaped forms there is at 
times a distinct grouping of the chromatin at both ends. In the 
youngest round forms the chromatin often shows the appearance of an 
open ring at the side. The whole parasite is at times surrounded by 
a distinct unstained ring. In the living unstained condition the 
parasite shows quite distinct active motility. In the little rod 
forms one has the impression of a little bacillus diving and rising 
in the interior of the blood corpuscle. The larger pear-shaped 
forms push against the wall of the red corpuscle, and bulge it out 
so as to alter its shape considerably. At times the completely in
fected blood corpuscle is in active tremulous movement without chang
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ing position - in marked contrast to the motionless normal ones In 
the neighbourhood.

In the fresh blood I have not seen the bodies which Dr. Got- 
schlich describes, but in film preparations stained in the manner he 
advises, I have observed bodies which are similar to those he men
tions, although I have never been able to note the amount of detail 
which he states can be made out. These bodies which he describes, 
and which he calls the parasite, appear to be merely portions of the 
red blood corpuscles which have undergone degenerative changes, and 
which are often seen, not only in the blood of typhus, but in that 
of other infectious diseases, as variola etc. It is very striking 
that Dr. Gotschlich's description of his parasite corresponds exact
ly in many details with the description of endoglobular degeneration 
of the red blood corpuscles described in "Da Costa", which I shall 
quote shortly in order to show the similarity. "Loss of colour by 
the erythrocytes which progresses hand in hand with alterations in 
their size and shape, and other structural changes is regarded as a 
degenerative process of purely endoglobular nature. The discoloura
tion may commence in one or more spots, or it may equally involve 
the whole surface of the corpuscle, beginning at its centre and 
spreading progressively towards its periphery. Clear hyaline areas 
of oval, round, or elongated shape appear within the stroma, in some 
instances sharply contrasting with the relatively dark colour of the 
hemoglobin, but, in other instances, imperceptibly blending with the 
tint of the surrounding cell body. The active motility of these de
colourized spots must be carefully distinguished from the ameboid 
movements of the young malarial parasite." Then again, "Fragmenta-
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tion of the delicate rim of colouring matter may occur, in event of 
which a number of independent rod-like bits of stroma are found.
The decolourized area is not always symmetrical, so that frequently 
various bizarre designs may be observed. It has been determined 
that, in the dried blood film, these areas of decolouration show a 
decided affinity for basic stains such as methylene blue and thioninl’

Prom the above description it will be seen that in corpuscular 
degeneration forms similar to those described by Dr. Gotschlich are 
often observed, that these forms are best shown by the stain which 
he employs (methylene blue), and that the motility upon which he 
lays stress is merely the usual phenomenon manifested by degenerated 
corpuscular elements.

Dr. Gotschlich states that his parasite is a form of Apiosoma. 
Now it is well known that Apiosoma and similar parasites occur only 
in these diseases in which there is great destruction of the red 
blood corpuscles. In texas fever, for example, the destruction is 
enormous; the number of red blood corpuscles has been known to sink 
from the normal (8,000,000 to 9,000,000 per c.mm.) to 31,000 on the 
second day. This destruction, too, is evidenced by marked hemo
globinuria.

In typhus fever, however, there is no such evidence of destruc
tion of the red blood corpuscles; there is no blood in the urine, 
and it has already been shown that the red cells are not only not 
diminished, but rather increased in number in the peripheral circula
tion. • This seems to be almost conclusive evidence against Dr. 
Gotschlich»s parasite being that of typhus fever.

In consideration of these facts, the etiology of typhus fever
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must still be held to be incompletely known, and, though the resem
blance in the leucocytosis of that disease with other diplococcal 
diseases, as those mentioned, is suggestive, it may be that there is 
nothing more than a coincidence in the similarity.
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ON THE CHANGES 

in

THE . BLOOD-PORHING ORGANS 

in

TYPHUS PEVER



DE8CÉIPTI# OP PLATE IV

Section of Bone Marrow from Case No. V showing ordinary

marrow cells, and two capillary spaces filled with

blood.
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ON THE CHjOIGES IN THE BLOOD-POBMING ORGANS

IN TYPHUS FEVER

The importance of the leucocytes In diseased conditions has 
been clearly established by exhaustive investigation on the behav
iour of these cells, both with regard to their power of intra-cellu- 
lar digestion or phagocytosis, and their power of producing and emit
ting certain bactericidal substances, exercising antagonistic influ
ence upon pathogenic organisms. The behaviour of these cells in ab
normal conditions gives some indication as to their functions in the 
economy of the organism in which they are present, but, in order to 
arrive at any definite conclusion concerning the laws which govern 
their production, it is necessary to compare and contrast the changes 
which occur in the tissues responsible for leucocyte production with 
those occurring in the white cells present in the blood.

It is well known that blood cell multiplication occurs in cer
tain definite tissues which have some special relation to the blood 
and lymph streams, and that apart from these special situations 
leucocyte or other blood cell proliferation is comparatively rare.

Until comparatively recent years the spleen and lymphatic glands 
were regarded as the only organs concerned in the manufacture of 
blood corpuscles. Then came the discovery that red blood corpuscles 
were produced in the bone marrow, and later it was fully established 
by the researches of Ehrlich and others that the bone marrow was also
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concerned In, and had as one of Its principal functions, the produc
tion and multiplication of leucocytes. This tissue, therefore, is 
regarded as the principal manufactory of the polymorphe-nuclear cor
puscles of the blood, and as its vascular arrangements are admirably 
adapted to the passage of large numbers of these cells into the blood 
stream in a short time, it is also regarded as the tissue mainly con
cerned in the production of leucocytosis. Ehrlich has always in
sisted on this, and his results have been abundantly verified by 
other observers. Because of this function of leucocyte production, 
Ehrlich regards the bone marrow as "a protective organ", evidently 
referring to the number of cells produced by it, and not to any 
special function of these cells as phagocytes: indeed, phagocytosis 
appears to be merely a secondary and subsidiary function of the mar
row, In this respect it is quite unlike the spleen of which phago
cytosis appears to be one of the main functions.

Bone marrow is thus principally a manufacturing or formative 
tissue, and the cells which it produces, and throws into the circula
tion, consist of red blood corpuscles and granular leucocytes.

Lymphoid or glandular tissue is another of the formative tis
sues, the corpuscles which are manufactured there being called 
lymphocytes. This tissue is represented by the various lymphatic 
glands throughout the body, by the Malpighian bodies of the spleen, 
etc. The vascular arrangements of lymphoid tissue are different 
from those of the bone marrow, although, like the marrow, this is 
essentially a formative tissue. There are no wide capillary spaces 
into which the cells can be rapidly poured, but the glandular tissue 
is surrounded by sinuses and lymph spaces, so that it would appear
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that the lymphocytes do not reach the blood directly but by some cir
cuitous route.

In the spleen the pulp is in close relation to the circulating 
blood; and this organ, like the lymphoid gland, appears to be pecul
iarly adapted for the detention of abnormal substances. The mono
nuclear cells of the lymphatic glands and of the spleen are very 
similar, and possess marked phagocytic properties towards both red 
and white corpuscles.

Although it has not been proved conclusively that polymorpho- 
^Mclear leucocyte formation takes place normally in the spleen or 
lymph tissue, it has been shown that proliferation does occur under 
certain pathological conditions, the result of some definite local 
irritation or disturbance, as for example in bubonic plague.

Bearing in mind the above facts with regard to the importance 
of the different blood-forming organs in the production of leucocy
tosis, portions of each of these organs were taken post mortem, and 
it is now proposed to detail the results of the examination of these 
specimens.

The tissues from six cases were examined. Prom five of these, 
samples of bone marrow were taken, from three, samples of the in
guinal glands, and in every case the tissue of the spleen was inves
tigated. Pilm preparations of bone marrow were made, and portions of 
the marrow expressed from the rib were hardened in a fixing solution 
composed of formaline and alcohol, and used for section cutting. The 
films were allowed to dry in the air, and thereafter were fixed by 
heat. Pilm preparations were also made from the spleen, and for sec
tion cutting portions of that organ and of lymphatic glands were
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preserved in absolute alcohol.

For section cutting the specimens were fixed as above described, 
embedded and cut in paraffin. For the examination of the marrow, 
that from the rib was selected in every case, and although the struc
tural relations are necessarily altered by the pressure to which it 
is subjected in order to express it from the bone, the relative pro
portion of its cells remains undisturbed.

The sections proved in every way more satisfactory than the 
film preparations. Various stains were employed, the principal ones 
being Ehrlich*s triacid stain, Romanowsky*s stain, and Unna’s Poly
chrome Methylene Blue with tannic acid fuchsin. With the last two 
stains the details of the nucleus were better seen, but Ehrlich*s 
stain gave good general results.

CASE I. The first case is that of the child, Matilda A. (Case 
No. 3), who died on her nineteenth day of illness.

Specimens of spleen and lymphatic gland only of this case were 
kept. The spleen was enlarged and hyperemic, but of fairly firm 
consistence. The Malpighian bodies were prominent. Microscopic 
examination showed much cellular hyperplasia both in the pulp and in 
the Malpighian bodies. These cells were mainly of the small mono
nuclear variety with deeply staining nuclei, associated with a cer
tain proportion of endothelial cells. The number of red corpuscles 
was greatly diminished.

One of the most striking features was the extent of the phago
cytic action as judged by the large number of cells within which 
were present broken down or fragmented leucocytes, and debased red
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corpuscles. Around the sinuses the phagocytes were larger, and there 
the process of phagocytosis, especially of the red cells, was more 
marked than elsewhere. The inclusion of fragmented leucocytes was 
most marked in the cells of the pulp. Polymorpho-nuclear leucocytes 
were present in comparatively small numbers only, and most of them 
showed signs of disintegration. Giant cells were exceedingly rare, 
and many sections were examined before any of these were discovered, 
and although careful search was made for myelocytes, none were ob
served. No bacteria were present, and mitosis was not observed in 
any of the splenic cells.

The lymphatic glands throughout the body were not enlarged.
Microscopic examination failed to reveal anything strikingly 

abnormal, although a certain degree of hyperplasia existed. The 
cells were mainly lymphocytes. Other cells which were larger and 
contained a nucleus of considerable size and abundant protoplasm were 
present. These larger cells are, in all probability, of endothelial 
origin as they were distinctly more numerous in the neighbourhood of 
the lymph spaces.

No polymorpho-nuclear leucocytes were observed, and no evidence 
of phagocytosis was detected. No bacteria, eosinophlle corpuscles, 
nor cellular debris were found.

CASE II. The next case is that of Theresa A (Case No. 4), a 
child aged 2 years, who died on her fourteenth day of illness.

Sections of bone marrow, spleen, and lymphatic gland were ex
amined. The marrow was of a dark pink colour, and of soft consis
tence.
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Microscopic examination of film preparations and of sections 

gave practically the same results. In the latter the capillary 
spaces were regular, and well formed. There was very marked cellu
lar hyperplasia, and fat cells were very scarce. Polymorpho-nuclear 
cells were rarely noticed, but many transitional forms in various 
stages were seen. A few nucleated red blood corpuscles, and an oc
casional eosinophilic myelocyte were observed. Giant cells were 
present in relatively small numbers, but they were of such a strik
ing character that they could not be overlooked. These cells were 
very large, with hyaline protoplasm and irregular convoluted nuclei, 
which stained very deeply, and were sometimes broken up or degener
ated. Mitotic figures were only very occasionally observed. Phago 
cytosis within the myelocytes was not infrequent, the included cells 
being mainly red blood corpuscles.

Lastly, special attention must be drawn to the presence in the 
marrow of this case of a large number of dlplococci. They were main
ly extracellular, but occasionally they were observed in the inter
ior of the phagocytes. These organisms probably gained access to 
the marrow immediately before or just after death. This was the 
only case of those observed in which organisms were detected in the 
bone marrow.

The spleen was enlarged and hyperemic, but of fairly firm con
sistence. The malpighian bodies were not markedly prominent. The 
sections showed an abnormally large number of cellular elements, but 
the most striking feature was the extent of the phagocytosis taking 
place. All through the section phagocytes were seen full of red 
blood corpuscles, and, in some instances, fragmented white cells 
also were included. Nucleated red corpuscles were rare, and poly
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morph0-nuclear cells were few in number, although many of the sinuses 
and spaces in the pulp were full of blood. An occasional eosinophlle 
corpuscle was seen. Myelocytes were absent. Giant cells were ob
served full of red blood corpuscles, but their occurrence was very 
rare. A careful search failed to discover any evidence of mitosis 
in any of the cells throughout the sections. Scattered throughout 
the sections there were many groups of large diplococci, but nowhere 
were these observed within the cells.

The lymphatic glands throughout the body were not enlarged. 
Microscopic examination showed a certain amount of cellular hyper
plasia, the predominating cells being lymphocytes. There were also 
present many larger cells, oval or elliptical in shape, and probably 
endothelial in character, as they were present in larger numbers 
around the sinuses and at the margins of the sections. These cells 
evidently perform the function of phagocytes, for, in the section, 
a few were observed with two or three small lymphocytes included in 
their protoplasm. Each of these ingested cells had a clear digestive 
zone surrounding them. No polymorpho-nuclear leucocytes, nucleated 
red cells, eosinophiles, nor micro-organisms were observed.

CASE III. The third case is that of Mrs. S. (Case No. 6) who 
died on her fifteenth day of illness.

The bone marrow and spleen from this case were examined. The 
marrow was reddish pink in colour, and of soft consistence. The 
films made from this marrow were unsatisfactory. Examination of sec
tions showed that the capillary spaces were well formed and regular, 
that fat cells were scarce, whilst there was much cellular hyper-
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plasia. Polymorpho-nuclear cells were scarce, but many transitional 
forms were observed. Careful search discovered mitosis going on here 
and there in some of the cells, but it did not occur very frequently.

An occasional eosinophilic myelocyte, and small numbers of 
phagocytes containing red blood corpuscles were observed. The number 
of giant cells was the most striking feature; they were present in 
relatively large numbers, and all possessed a large and highly con
voluted nucleus which stained very deeply. The nucleus in some cases 
was broken up, probably undergoing degenerative or disintegrative 
changes, and apparently none of these cells were acting as phagocytes. 
No micro-organisms were observed.

The spleen was much enlarged, and of a dark purple colour. It 
was of very soft consistence and easily torn, and there was no marked 
prominence of the malpighian bodies. Microscopic examination showed 
a very marked cellular hyperplasia.

The most striking feature, however, and one which attracted im
mediate attention was the extent of the phagocytic action observed.
The phagocytes were very numerous, and contained chiefly red blood 
corpuscles, though other cells, apparently lymphocytes, were includ
ed. Polymorpho-nuclear cells were few in number, and nucleated red 
blood corpuscles only occasionally observed, whilst eosinophiles 
and giant cells were not noted at all. The sinuses and vessels were 
filled with blood to a greater extent than in the previous cases.
None of the cells were observed to be undergoing division, although 
careful search was instituted for mitotic figures. There were no 
micro-organisms.
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CASE IV. The fourth case is that of Nellie S. (Case No. 9),
who died on her twenty-first day of illness. It is of in^ortance to
note that this is the patient who had gangrene of the lung as a com
plication of her fever.

The bone marrow and spleen from this case were examined. The 
marrow was of a darkish red colour, and of fairly firm consistence. 
Examination of film preparations and of sections showed that a cer
tain amount of cellular hyperplasia was present, but it was not so 
marked as in the specimens of marrow taken from other cases. Poly
morpho-nuclear corpuscles were rare, but many transitional cells 
were present. Eosinophilic myelocytes were relatively common, and 
more frequent than in any of the other cases noted. Nucleated red 
corpuscles were also more frequent, and giant cells were relatively 
common, whilst the number of fat cells present showed that these 
were much less reduced in number than in the former cases. In strik
ing contrast to some of the cases already detailed, no phagocytosis
whatever was observed, and blood was more plentiful in the vessels
and sinuses. Pew examples of mitotic figures were observed, and no 
micro-organisms were noted.

The spleen was enlarged and hyperemic, but of firm consistence. 
The malpighian bodies were somewhat prominent. The section showed 
much cellular hyperplasia of the usual type. Phagocytosis was 
actively going on, both leucocytes and red blood corpuscles being in
gested. Polymorpho-nuclear cells were frequently observed, a con
trast being thus drawn between this spleen and those already des
cribed, in all of which polymorpho-nuclear corpuscles were scarce.

Another feature of this section was the number of giant cells.
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these were present in relatively larger numbers than in any of the 
other spleens examined, and In some instances they were acting as 
phagocytes. Nucleated red cells were comparatively rare, and care
ful search had to be made before any eosinophlle corpuscles were dis
covered. Blood was plentiful in the vessels and pulp spaces. As in 
the other cases, mitosis was looked for, but in none of the cells 
was there any evidence of this phenomenon. No micro-organisms were 
observed.

CASE V. Mrs. E. (Case No. 11), died on her twelfth day of ill
ness. This was one of the most malignant cases of the series, and 
the post mortem appearances were very striking.

The spleen and bone marrow were examined. The latter when ex
pressed from the rib was of a dark red colour, and of very soft con
sistence, so that it broke up into small pieces when dropped into 
the fixing solution. Sufficiently large pieces, however, were ob
tained for section cutting.

Microscopic examination showed great cellular hyperplasia, and 
a scarcity of fat cells. Polymorpho-nuclear corpuscles were also 
scarce, but there were many transitional forms in various stages. 
Giant cells were present, and at once attracted attention, not so 
much by their numbers, as by their great size and highly convoluted 
nuclei. The nuclei stained very deeply, and, in some instances, 
were broken up and evidently undergoing disintegrative changes. A 
few eosinophilic myelocytes were observed. These occurred with 
about the same frequency as the giant cells.

A certain amount of phagocytosis was taking place, the ingested
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calls being principally red blood corpuscles. Blood was plentiful, 
but nucleated red corpuscles were very scarce. Mitotic figures were 
not abundant, and there were no micro-organisms.

The spleen was much enlarged, of a dark red, almost purplish 
colour, and exceedingly soft; indeed it was so diffluent that the 
pulp oozed out in a semi-fluid condition when the capsule was div
ided .

Examination of the sections showed an abnormally large number 
of small mono-nuclear cells. Blood was plentiful, but nucleated red 
corpuscles were not observed with any frequency. Polymorpho-nuclear 
corpuscles were scarce, whilst no giant cells and no eosinophlle 
corpuscles were noted.

The most striking feature was the large number of phagocytes. 
These cells were more frequent around the sinuses, but they were 
active throughout the whole section, their contents being mainly red 
blood corpuscles. Occasionally mitotic figures were observed in 
cells which resembled phagocytes, but when division was thus taking 
place, the phagocytic function was apparently suspended. No micro
organisms were detected.

CASE VI. The sixth and last case is that of Thomas B. (Case 
No. 17), who died on his tenth day of Illness. This was another 
very malignant case, and death occurred within 24 hours after admis
sion to hospital. The spleen, bone marrow, and lymphatic gland were
examined.

The bone marrow was of a dark pink colour, and of normal con
sistence. The appearances under the microscope were very striking.
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The large number of giant cells at once attracted attention; these 
cells were in relatively greater numbers in this marrow than in any 
of the others previously examined. Besides this, many of them were 
acting as phagocytes, and contained red blood corpuscles. Others 
again had their deeply stained nuclear matter broken up as if under
going degenerative changes.

Another striking character was the large number of phagocytes 
present. Phagocytosis had been observed in the marrow cells of the 
other cases examined, but, in this case, it was much more in evi
dence, the red cells mainly being taken up by the phagocytes. There 
were few fat cells, and polymorpho-nuclear corpuscles were scarce, 
but many transitional forms in various stages were present. Blood 
was plentiful, but few nucleated red corpuscles were noted. Occa
sionally an eosinophilic myelocyte was observed. Many of the ordin
ary marrow cells showed marked nuclear degeneration. Mitotic figures 
were not observed with any great frequency.

The spleen was much enlarged, and hyperemic. Its pulp was very 
diffluent, and the malpighian bodies were somewhat prominent. Exam
ination of sections showed the presence of an abnormally large num
ber of cells. There were a few polymorpho-nuclear corpuscles, and 
an occasional eosinophlle, whilst at least one giant cell was ob
served containing many red blood cells.

The most striking feature, however, was the extent of phago
cytic action. The inclusions consisted chiefly of red blood cor
puscles, and in many instances of leucocytes and other degenerated 
cells. Blood was plentiful in the sinuses and spaces, but nucleated 
red corpuscles were very infrequent. Mitosis was not observed in
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any of the cells of the spleen, and no micro-organisms were detected

None of the lymphatic glands throughout the body were enlarged.
Microscopic examination of sections showed that there was a certain
amount of cellular hyperplasia especially as regards the lymphocytes. 
There were, however, many larger non-granular cells of a rounded, 
oval, or elliptical shape, with large nuclei and abundant protoplasm. 
These are the cells mentioned in the other cases as being most prob
ably of endothelial origin, as they were in greater numbers at the 
margins of the sections and around the lymph spaces and sinuses. In 
one or two instances these endothelial cells were acting as phago
cytes, but none contained red blood corpuscles. Polymorpho-nuclear 
cells were observed, but they were in relatively small numbers. No 
eosinophil© corpuscles were noted, and although careful search was 
made for mitotic figures, none of these were observed. The vessels 
throughout the section were full of blood. There were no micro- 
orgahisms observed.

The details of the examination of the principal blood-forming 
organs in the foregoing cases furnish some data from which the chief 
facts may be elicited and general conclusions drawn.

A study of the marrow in typhus fever is of great interest on
account of the relatively rapid course of that disease, and because, 
in view of that fact, it may be assumed that the condition before 
the onset of the disease is a comparatively healthy one.

Six cases in all were examined; four of these died before or at 
the crisis, and two (Cases 1 and 4) after that phenomenon had oc
curred. The ages of the patients varied from li to 56 years.



DESCRIPTION OP PLATE III

Section of Bone Marrow from Case No. VI showing Giant Cells 

with large, convoluted, and deeply stained nuclei.
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In all the cases examined there was a marked change. The ordin

ary marrow cells were very much increased in numbers, and there was 
a proportionately marked decrease in the number of fat cells. The 
diminution of fat indeed was so extreme that in some instances only 
a few solitary cells were observed throughout the section. Poly
morpho-nuclear cells were present in every case, but they were usual
ly very scarce. Eosinophlle corpuscles do not disappear altogether 
from the bone marrow as they do from the blood of fatal cases. As 
a rule they are very scarce, only one or two it may be, occurring in 
a section. In one case, however (Case IV), these cells were rela
tively common; this was the patient who died a few days after her 
crisis from gangrene of the lung, so that it may be inferred that in 
this case the pulmonary complication, and not the typhus poison, was 
the factor mainly concerned in the presence of eosinophiles in the 
marrow. The eosinophlle corpuscles are in all cases mononuclear, 
that is to say, they belong to the class of eosinophilic myelocytes.
In no instance were these corpuscles observed to be undergoing divi
sion. Giant cells were present in all the marrows examined. They 
are of large size, and immediately attract attention. Their nuclei, 
as a rule, are convoluted and stain very deeply, thus indicating 
great condensation of the chromatin. The shape of the nucleus is 
very irregular, and in some instances it is broken up into separate 
pieces, or there may be several large fragments joined together by a 
thin filamentous strand. These cells are very much commoner in the 
more malignant cases, and in one case notably (Case VI) they were 
acting the part of phagocytes, and apparently digesting red blood 
corpuscles. Whether the fragmentation of the nucleus mentioned
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above is an indication of division, or merely the result of degenera
tion of the cell is not very clear, but the latter is the more prob
able.

There was a fairly large amount of blood present in some cases, 
but it was mostly confined to the vascular channels. Nucleated red 
corpuscles were usually observed, but were never more numerous than 
normal; indeed they were apparently diminished. This diminution may 
be merely relative, however, and is accounted for by the great in
crease in the other cellular elements of the marrow. Phagocytosis 
was observed in two cases only (V and VI); these patients suffered 
from a malignant type of the disease, and although the phenomenon 
was present, it was not markedly active.

A great contrast may thus be drawn between the bone marrow and 
the spleen, where the phenomenon of phagocytosis is so marked and 
outstanding, that it immediately attracts attention. The cells oc
cupied with this process in the marrow were large non-granular myelo
cytes, and in Case VI, some of the giant cells also were involved.

The occurrence of mitosis which is so characteristic of bone 
marrow in general, and which has been proved by Muir to be frequent 
in various infective conditions, was not observed with any great 
frequency in the typhus marrow. There were, however, many transi
tional cells in all stages of transformation from the mono-nuclear 
to the polymorpho-nuclear corpuscle.

The’heutrophile reaction" (this term is used by Muir to indicate 
an Increase in the proportion of neutrophile myelocytes) in typhus 
is apparently not connected with the age of the patient, but has 
evidently some very definite relation to the severity of the toxemia. 
In the two most malignant cases (Cases V and VI), the neutrophile
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reaction was much more marked than in the others, the cellular hyper
plasia being very striking, and fat cells almost completely absent.
On the other hand there was less cellular hyperplasia in the marrow 
of the younger patients, in whom the disease did not assume such a 
malignant character, although it proved equally fatal to all.

A parallel may now be drawn between the condition of the blood 
and that of the marrow. It is impossible, of course, to say what is 
the condition of the marrow during life in typhus fever, but the 
post mortem appearances give an indication as to what is taking 
place. It has been shown that there is a polymorphe-nuclear leuco
cytosis, and that these cells are relatively scarce in the marrow 
after death. The explanation given for this phenomenon, which has 
been observed in other diseases - pneumonia etc. - is that these 
cells apparently leave the marrow before death (Muir, Trans. Path. 
Soc. Lond., Vol. 53, part III, 1902). This explanation throws some 
light upon another phenomenon to which attention has been frequently 
directed in the section on leucocytosis, namely, the ante-mortem 
rise in the number of leucocytes. It would, thus appear that the 
rise in the number of leucocytes in the peripheral circulation im
mediately before death, is principally due to the depletion of the 
bone marrow at that time of most of its polymorpho-nuclear cells.
It follows naturally that the number of these cells thrown into the 
blood depends on the number stored up in the marrow, or on excep
tional formative activity on the part of that tissue. It is prob- 
able, however, that these cells are not at any time stored up in the 
marrow, but are simply thrown into the circulation as they are pro
duced, and that their production depends largely upon the severity
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of the toxemia. The theory of chemiotaxis is naturally involved in 
this view, but it is now universally admitted that chemiotactic in
fluence plays an important part in the migration and emigration of 
cells.

The condition of the marrow conforms to that of the blood in 
other important points, notably the presence of myelocytes and nu
cleated red corpuscles in the circulation.

Muir has shown that, in certain diseases, and more especially 
smallpox, where myelocytes and nucleated red corpuscles are compara
tively numerous in the blood, their number is greatly diminished in 
the marrow; or, in other words, the neutrophile reaction is less 
marked. It will be remembered that myelocytes were very infrequent 
in the blood of the typhus patients, so much so that they were dis
counted altogether in the percentage calculation, and that nucleated 
red corpuscles were rare. The natural conclusion, therefore, is 
that the marrow in typhus fever ought to contain larger numbers of 
these cells. As regards myelocytes, this is exactly what obtains, 
for it has been shown that the neutrophile reaction of the marrow is 
very well marked in all the cases detailed. The nucleated red cor
puscles, however, cannot be said to be increased in the bone marrow; 
this may be explained in the same way as the paucity of polymorpho
nuclear cells in the marrow was accounted for, that is by assuming 
that the red blood corpuscles are thrown into the circulation as 
soon as they are manufactured in the marrow. This assumption is sup
ported by the presence of larger numbers of red corpuscles than 
normal in the peripheral circulation during life, a phenomenon which 
has been already remarked upon in the section upon leucocytosis.



DESCRIPTION OP PLATE V

Pig. 1. Section of Lymphatic Gland from Case No. II, show

ing normal condition of gland.

Pig. 2. Section of Spleen showing hyperplasia of cells, 

and absence of mitotic figures.
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With regard to eosinophlle corpuscles in the marrow and blood, 

the observations in typhus fever throw no light upon their origin, 
although Ehrlich states that these cells are formed in the bone mar
row, He states also that substances which chemiotactically attract 
the polymorpho-nuclear cells are repellent to eosinophiles. This 
latter statement coincides with what is found in typhus fever, for 
it will be remembered that no eosinophiles were observed in the blood 
of the fatal cases of typhus, and that these corpuscles are present 
in very small numbers in the marrow. It may, therefore, be argued 
that the chemiotactic substance which attracts the polymorpho-nu
clear cells from the marrow into the blood stream causes the eosino
philes to disappear from the circulation. As to the nature of the 
chemiotactic substance, it is probably the toxic substance produced 
by the specific cause of the disease, whatever that may be.

. Another point to be noted is that there was no evidence of divi
sion of the eosinophiles in the marrow, or of their transition from
the mono-nuclear to the polymorpho-nuclear form.

The changes in the spleen contrast markedly with those in the
bone marrow. In all the cases examined the spleen was much enlarged,
and usually deeply engorged and diffluent. The colour, of course, 
mainly depends upon the relative amount of red blood corpuscles pres
ent, but the swelling is chiefly due to cellular hyperplasia and to 
the accumulation of debris in the shape of degenerated blood cor
puscles, as there is evidence of the destruction of both neutrophile 
leucocytes and red blood corpuscles in this situation.

In every case there was a marked cellular hyperplasia, the 
cells contributing to this being mainly of the small mono-nuclear
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class. Polymorpho-nuclear corpuscles were scarce in most of the 
cases examined, but in one case (Case IV) they were observed with 
relative frequency; this was the patient in whom gangrene of the 
lung developed as a complication.

Eosinophiles were also very scarce, and in the majority of the 
cases were not observed at all; they were not present in greater 
numbers in the spleen of Case IV than in the others.

Giant cells were observed in all the cases examined, with one 
exception (Case III). These cells were readily seen on account of 
their size and their deeply stained convoluted nucleus. As a rule, 
they were present in very small numbers, but in Case IV they were 
observed in greater numbers and were acting the part of phagocytes, 
as many as half a dozen red blood corpuscles being included in one 
cell.

No myelocytes were observed.
Blood was present in large amounts especially in the sinuses and 

spaces, but nucleated red corpuscles were not observed with any fre
quency .

Phagocytosis was the most striking characteristic of the splenic 
cells, and was observed going on throughout the whole spleen. The 
red cells principally are taken up in the immediate neighbourhood of 
the sinuses, whilst the leucocytes are mostly absorbed in the pulp 
proper. The phenomenon of mitosis was not frequently observed in 
the spleen: indeed, it was noted in only tv/o of the cases examined, 
and was confined to the hyaline leucocytes. Bacteria were present 
in the spleen of one case only, viz., Case II.

Prom a consideration of these facts it will be noted that the 
changes in the spleen fell naturally into two main groups, viz.,
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1. destructive processes, and 2. proliferative changes. With regard 
to the former the characteristic feature of the splenic cells is 
their phagocytic activity. The cells concerned in this process are 
non-granular, and as stated before, composed partly of mono-nuclear 
leucocytes and partly of endothelial cells. Many degenerated cells 
are observed scattered throughout the pulp without any relation to 
the phagocytes, but it may be that these undergo extra-cellular di
gestion, a phenomenon which has been observed in all its stages by 
Muir, who states that not only leucocytes but also red blood cor
puscles undergo extra-cellular disintegration in the spleen.

The removal of bacteria from the blood and their destruction by 
the cells of the spleen is another evidence of the phagocytic func
tion of that organ, but its principal action appears to be corpuscu
lar destruction. The spleen is thus shown to play an important part 
as a scavenger, by means of its phagocytic elements which remove the 
damaged and useless blood cells from the circulation.

Proliferative changes in the spleen are very rare, and only on 
one or two occasions were mitotic figures observed. These were con
fined to the hyaline leucocytes, and were never seen in any of the 
endothelial phagocytes. Another proliferative change, however, has 
been described, and importance attached to it by various observers. 
This is the formation of a distinct zone of cells around the mal
pighian bodies so that these become apparently enlarged. The cells 
forming this zone are of larger size than those forming the mal
pighian body proper and undergo active multiplication, as evidenced 
by the occurrence of mitotic figures. According to various French 
Observers these cells multiply and acquire neutrophile granules
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under the influence of stimuli from toxines, thus forming myelocytes 
which pass into the pulp and become polymorpho-nuclear leucocytes. 
Muir, however, disputes this statement, and, whilst agreeing with 
the French observers that there is a special proliferative layer of 
larger cells around the malpighian body, advances the suggestion 
that these cells pass into the pulp and there act as phagocytes, the 
process corresponding with what is seen in the lymph sinuses of lym
phatic glands.

Careful search was made at the periphery of the malpighian 
bodies in the typhus spleens, but satisfactory evidence of the 
special zone alluded to was not found. There were certainly a few 
cells which were a little larger than the more central ones, but 
they did not form a distinctive zone, and there was no evidence of 
mitosis occurring in them. It is stated that the condition indica
ted is purely a pathological one, there being only very slight evi
dence of such a zone in the normal spleen. The spleen in typhus 
fever may, therefore, be one of the exceptions, as it may be pre
sumed that the special proliferative zone around the malpighian 
bodies is not present in all infective conditions. In this connec
tion it may be mentioned that no myelocytes which could be recog
nised as such were observed in the typhus spleens.

The presence of myelocytes in the spleen in infective condi
tions is considered of some importance, and evidently bears some re
lation to their presence in the peripheral circulation. Muir states 
that "in experimental infections, whenever they are present in the 
blood, they occur in proportionately greater numbers in the spleen, 
the appearance being as if this organ endeavoured to remove them 
from the blood." He also says that "observations on the human
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spleen show that the occurrence of these cells in small numbers Is 
comparatively common in infective conditions,” and that "their pres
ence, both in the blood and in the spleen, is usually associated 
with that of nucleated red corpuscles."

In view of the above statements, it would hardly be expected 
that myelocytes would be found even in small numbers in the spleen 
of typhus patients, for it has been already pointed out that these 
cells and also nucleated red corpuscles are very infrequently found 
in the peripheral circulation.

Nucleated red corpuscles too were not observed in the spleen in 
great numbers, so that the negative conditions of the typhus spleen, 
as regards myelocytes, correspond with the positive conditions of 
the spleen in other infections.

It is now generally admitted that the lymphatic glands of the 
body contribute certain elements to the blood which are known as 
lymphocytes, and that these corpuscles are thrown into the circula
tion in larger numbers than usual, under the influence of local 
stimulation. Apart from local stimulation, little is known except 
what has been gathered from clinical experience, as to the function 
of the lymphatic glands in the formation of the corpuscular elements 
of the blood. Ehrlich, however, considers the evidence thus obtain
ed as sufficient to establish the theory that the lymphocytes of the 
blood are manufactured in the lymphatic glands and lymphatic tissue 
generally of the body. He holds also that lymphocytosis is produced 
by an increased flow of lymph through a more or less extended area 
of lymphatic tissue, so that, in consequence of the increased flow.
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more elements are washed out of the lymph glands. The lymphatic 
glands are thus important factors in the production of leucocytes, 
and their examination along with the other blood-forming tissues is 
important.

In the present series only three cases were examined as to the 
glandular condition, but the results of these three examinations 
agree in all important particulars. The lymphatic glands of the 
groin were chosen as representative of the general lymphatic system.

There was no enlargement of any of the glands of the lymphatic 
system in the cases investigated; as there is no local infection, 
this might be expected except for a consideration of the fact that 
in infections due to other causes enlargement sometimes occurs. Al
though there was no evident enlargement, microscopic examination 
showed that, in all cases, there was a certain amount of cellular 
hyperplasia of the medulla, but that otherwise the tissue was appar
ently normal. The cells which were increased in numbers were mainly 
the ordinary lymph corpuscles. Other cells, oval or rounded, with 
large nuclei, and probably endothelial in origin were noted; these 
at times acted the part of phagocytes, ingesting both red corpuscles 
and lymphocytes. The process of phagocytosis, however, was uncommon.

Polymorphe-nuclear corpuscles which appear in large numbers in 
other infections (plague etc.) were observed only very occasionally 
in typhus, as if their presence were merely accidental. Eosinophile 
corpuscles are normally present in the lymphatic glands of some of 
the lower animals, and in certain abnormal conditions in the human 
subject, notably smallpox, they occur In comparatively large numbers, 
some Observers too are inclined to believe that the lymphatic gland,
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and not the bone marrow, is the source of the eosinophile corpuscle, 
stating that they have observed them in the gland before their ap
pearance in the marrow.

In the IjTJiphatic glands of the typhus cases, no corpuscles of 
the eosinophile type were present, nor was there any evidence that 
might lend support to the theory of the lymphatic gland as the 
source of these cells.

It will thus be seen that the results of a study of the lym
phatic glands in typhus fever are mostly negative, and throw but 
little light on the special leucocytosis of that disease.

The changes in the blood-forming organs in typhus fever may be 
now briefly summarised in the following statements

1. The bone marrow is the seat of a well-marked neutrophilereaction, and is
2. The chief manufactory of the polymorphe-nuclear neutrophile

corpuscles
3. The spleen acts as a scavenger, its main function being

that of phagocytosis
4. The lymphatic glands are practically normal.
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A P P E N D I X

AQGLÜTINATI ON REACTIONS

It is now well known that the agglutination reaction which re
sults from the contact of serum from a person suffering from an at
tack of typhoid fever, with a young culture of the typhoid bacillus, 
may result from the contact of sera taken from persons suffering 
from diseases other than typhoid, and the question naturally pre
sents itself whether a similar agglutinative power is possessed by 
the serum of a person suffering from typhus fever. The observations 
to be submitted were instituted with the object of throwing some 
light on this point.

The serum employed was obtained from blisters produced by the 
action of blistering tissue, and the epidermis previous to the re
moval of the serum by Pasteur pipettes was carefully sterilised.
When not used immediately the pipettes were sealed at both ends, and 
preserved for future use. The observations on agglutination were 
carried out on the hanging drop, and in each experiment three de
grees of dilution were employed, viz., 1 in 10, 1 in 20, and 1 in 60.

Experiments were carried out with serum taken from 56 cases of 
typhus. In fifteen the observations were taken immediately after 
the collection of the serum, but in the others the age of the serum 
varied considerably, being in some cases at least six months old, a
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fact which may account for want of uniformity in result, as there 
seems little doubt that serum loses, to some extent at least, its 
agglutinative properties when kept for too long a time.

The appended table gives details of the observations made upon 
serum taken at different stages of the illness.

A complete reaction is indicated by the positive sign x , 
whilst the negative sign -— indicates that no reaction has taken 
place. Partial or incomplete reactions are indicated by the sign 
X p. (partial).

The cases examined were all undoubtedly typhus, and in six the 
disease ended fatally. We will first consider the reaction of serum 
taken from patients after the crisis.

In the fifteen cases where the serum was examined within a few 
hours after withdrawal from the blister, a positive reaction was ob
tained in eleven within a two hours' time limit, with a dilution of 
1 in 10, and in eight of these the reaction was complete in forty
minutes. With a 1 in 20 dilution complete agglutination was ob
served in two of these fifteen cases within two hours, whilst in the 
others a few clumps only - partial agglutination - were observed.
In no case was there a complete positive reaction with a 1 in 60 
dilution in the space of 24 hours.

In the remaining 39 cases, the serum from which was used after a
period varying mostly up to six months, and in a few instances up to
eighteen months, no agglutination was observed with a 1 in 60 dilu
tion in twelve hours, whilst in twenty-four hours there was no ap
pearance of clumping whatever with higher dilutions.

Serum taken during the acute phase of the disease was not found
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SO active as that taken after the crisis: in no case was a complete 
positive reaction obtained even after twelve hours* contact with the 
strongest dilution (1 in 10).

From the point of view of a differential diagnosis between
typhus and enteric fever, the agglutination test appears to be of
some value, inasmuch as in typhus fever it is only with very low
dilutions (1 in 10) that any striking positive result is obtained 
within a reasonable time.

Bearing in mind that serum may manifest agglutinating proper
ties when taken from a patient many years after he has passed through 
an attack of typhoid fever, it might be objected that the patients 
above referred to, whose serum gave a positive reaction, might have 
passed through an attack of this disease within a comparatively re
cent date, but careful enquiry made it possible to completely ex
clude this source of error, and the reactions, so far as they go, 
may be regarded as entirely dependent upon the action of the uncon
taminated typhus serum.

In about a dozen cases the bacillus coli communis was substitu
ted for that of typhoid fever. The results were very similar, that 
is to say, with a 1 in 10 dilution complete agglutination occurred 
within two hours, whilst with higher dilutions - 1 in 20, and 1 in 
60 - a very much longer time was necessary for even a partial ag
glutination to occur.
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TABLE OF AOOLUTINATIONS

No. Bay of 
Illness

Dilution 
1 in 10

Time
Mins.

Dilution 
1 in 20

Time
Hrs.

Dilution 
1 in 60

Time 
Hrs.

1 19 X 40 X 2 — 24
2 21 X 40 X 2Hr s.
2 16 X i X p . ——
4 21 X i X p . 24 --
5 17 X i X p . 24 --
6 24 X i -- 24 — .

7 38 X 2 X p . 12 . --
8 26 X 2 -- 24 --
9 16 X 2 X p . 2 —
10 15 X 24 -- --
11 35 X p . 12 — -—
12 12 X p . 24 — ——
13 55 X p . 9 — —
14 4 X p . 2 —
15 14 X 8 -- --
16 9 X p . 9
17 10 X p . 9 -- —
18 16 X p . 12 -- —
19 15 X p . 12 --
20 16 X p . 12 -- --

21 15 X p . 12 -- —
22 15 X 4 —— —
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TABLE OP AGGLUTINATIONS Contd.

No. Day of 
Illness Dilution 

1 in 10 Time
Hrs. Dilution 

1 in 20
Time
Hrs.

Dilution 
1 in 60

23 26 X p . 24 — — 24
24 29 X p . 24 — p- --
26 37 X p . 24 -- — .

26 31 X 24 T—
27 19 X p . 24 — _ -- - - - -

28 35 X p . 12 — -
29 15 - - - - - - - -?ü--
30 3 -- —
31 6 -— -  ■■ --
32 30 -- — --
33 14 -- ——
34 25 — — '
35 48 -- —— . — —
36 29 -- . ——
37 36 —— --
38 12 — """ --
39 43 -- . -- --
40 16 -- ' ■
41 35 -- 24 -- --
42 13 — — —
43 18 -- - - - - - - -

44 22 II 1 ■■ — _ - - - - - - -

Time
Hrs.

24
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TABLE OF AOOLUTIHATIONS Contd.

No. Day of 
Illness Dilution 

1 in 10
Time
Hrs. Dilution 

1 in 20
Time
Hrs.

Dilution 
1 in 60

Time
Hrs.

45 13 -- 24 — 24 --- 24
46 16 --- --- —

47 14 --- ---

48 9 — — ---

49 10 X p. --- ---

50 8 X p^ --- ---

51 9 X p. --- —
52 9 X p. —— —
53 13 X i X 2' Mins.54 6 X 40 X

Hrs.55 8 X i X ---
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